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PREFATORY NOTE. 


The material contained in this work appeared sev¬ 
eral year.j ago in serial form in the American Perfumer 
and Essential Oil Review. Owing to the numerous re¬ 
quests received, it has been decided to now place before 
'those interested, these articles in book form. While it 
is true that the works pertaining to the soapmaking 
industry are reasonably plentiful, books are quite rare, 
however, which, in a brief volume, will clearly outline 
the proces.ses employed together with the neces¬ 
sary. methods of analj'ses from a purely practical 
standpoint. In the work presented the author has 
attempted to briefly, clearly, and fully explain the 
manufacture of soap in such language that it might be 
understood by all those interested in this industry. In 
many cases the smaller plants find it necessary to dis¬ 
pense with the services of a chemist, so that it is neces¬ 
sary for the soapmaker to make his own tests. The 
tests outlined, therefore, are given as simple as possi¬ 
ble to meet this condition. The formulae submitted 
are authentic, and in many rases are now being used 
in soapinaking. • 

In taking up the industry for survey it has been thought 
desirable to first mention and describe the raw materials 
used: second, to outline the processes of manti- 
facturef third, to classify the methods and illustrate 
by formulae the composition of various soaps together 
with their mode of manufacture; fourth, to enumerate the 
various methods of glycerine recovery, intiudiiig the 
processes of saponi^^on, and, fifth, to give the most im- 
portank analytical mewfc which are eff value to control 
Ui 



the process of manufacture and to determine the purity 
and fitness of the raw material entering into it 

It is not the intention of the author to go into great 
detail in this work, nor to outline to any great extent the 
theoretical side of the subject, but rather to make the work 
as brief as possible, keeping the prai^ical side of the sub* 
ject before him and not going into concise descriptions of 
machinery as is very usual in works on this subject. 
inustration.s {ire merely added to show typical kiinls 
of machinery used. 

The author wishes to take this opp<>rtunity of thank-' 
ing Messrs. L. S. Levy and E. \V. Drew for the reading 
of proof, and Mr. C W. Aiken of the llouchin-.'Viken Co., 
for his aid in making the illiiMlrations a siicecxs. as 
well as others who ha\c eoulrilnUcd in the compil¬ 
ing of the formulae for \nrioiis soaps. lie trusts that 
this work may prove of value to those engaged in soap 
manufacture. 

E. C. T. 

January, 1922 
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CHAPTER I 

Raw Materials Used in Soap Making. 

Soap is ordinarily thought of as the common cleansing 
agent well known to everyone. In a general and strictly 
chemical sense this term is applied to the sails of the non¬ 
volatile fatty acids. 'Ihesc salts are not only those formed 
by the alkali metals, sodium and potassium, but also those 
formed by the heavy metals and alkaline earths. Thus 
we have the insoluble soaps of lime and magnesia formed 
when we attempt to wash in “hard water”; again alum¬ 
inum soaps arc used extensively in polishing materials 
and to thicken lubricating oils; ammonia or “benzine" 
soaps are employed among the dry cleaners. Commonly, 
however, when we speak of soap wc limit it to the sodium 
or potassium salt of a higher fatty acid. * 

It is very generally known that soap is made by com¬ 
bining a fat or oil with a water solution of sodium hydrox¬ 
ide 'caustic soda lyel, or potassium hydroxide (caustic 
potash). Sodium soaps arc always harder than potassium 
soaps, provided the same fat or oil is used in both cases. 

The detergent properties of soap are due to the fact 
that it arts as an alkali regulator, that is, when water 
conies into contact with soap, it undergoes what is called 
hydrolytic dissociation. This means that it is broken 
down^by water into other substances. Just what these 
substances arc is .subject to controversy, though it is pre¬ 
sumed caustic alkali and the acid alkali salt of the fatty 
acids arejormed. * 

OILS AND FATS. 

There is no sharp distinction between fat *id oil. By 
“oil” the layman has the impression of a liquid which at 
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w arm temperature will flow as a* slippery, lubricating, vis¬ 
cous fluid; by "fat” he understands a greasy, solid sub¬ 
stance unctuous to the touch It thus becomes necessary 
to differentiate the oils and fats used in the manufacture 
of soap. 

Inasmuch a.s a soap is the alkali salt of a fatt\ acid, the 
oil or fat from which soap is made must have as a con¬ 
stituent part, these fatty acids. Hydrocarbon oils or par¬ 
affines, included in the term “oil,” are thus useless in the 
process of soap-making, as far as entering into chemical 
combination with the caustic alkalis is concerned. The 
oils and fats which form soap arc those which arc a com¬ 
bination of fatty acids and glycerine, the glycerine being 
obtained as a by-product to the soap-making industry. 

NATOBE OK A F.\T OR OIL USEn IN SOAP MANOFACIOEE. 

Glycerine, being a tryhydric alcohol, has three atoms of 
Itydrogcn which are replaceable by three univalent radicals 
of the higher members of the fatty acids, e. g., 

OH OR 

C. H. OH + 3 ROH = C, H, OR -)- 3 H.O 
OH OR 

Glycerine plus 3 Fatty Alcohols equals Fat or Oil plus 
3 Water. 

Thus three fatty acid radicals combine with one glycer¬ 
ine to form a true ticutral oil or fat which are called 
triglycerides. The fatty acids which most commonly en¬ 
ter into combination of fats and oils are lauric, myristic, 
palmitic, stearic and oleic acids and form the neutfhl oils 
or triglycerides derived from these, «. g.. stearin, palmatin, 
olein. Mono and diglyccrides are absoapresent in fats. 

' SAPONIKICATION DEFINED. 

When a ^at or oil enters into chemical combination with 
one of till caustic hydrates in the p’tl'sence of water, the 
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process is called "saponification" and the new compounds 
formed are soap and glycerine, thus: 

OR OH 

C.H, OR f 3 NaOll C.H.011 i- 3 NaOR 

OR OH 

Fat or Oil plus 3 Sodium Hjilratr equal-s Glycerine plus 
3 Snap 

It is by this reaction almost all of the soap used today 
is made. ' \ ^ 

• There ar? also other means of saponification, ai ‘ ‘he 
hydrolysis of an oil or fat by the action of hydrochloric 
or sulfuric acid, by autoclave and by ferments or en¬ 
zymes. Hy these latter processes the fatty acids and 
glycerine are obtained directly, no soap being formed. 

FATS AND OILS UiiEO IN SOAP MANUFACTUEE. 

The various and mo.st important oils and fats used \n 
the manufacture of soap are, tallow, cocoanut oil, palm 
oil, olive nil, poppy oil, sesame oil, soya bean oil, cotton¬ 
seed oil. corn oil and the various greases. Besides these 
the fatty acids, stearic, red oil (oleic acid) are more or 
less extensively used. These oils, fats and fatty acids, 
while tliey vary from time to time and to some extent as 
to their color, odor and consistency, can readily be distin¬ 
guished by various physical and chemical constants. 

Much can be learned by one, who through continued 
acquaintance with these oils has thoroughly familiarized 
himself with the indications of a good or bed oil, by 
taste,*smell, feel and appearance. It is, however, not well 
for the manufacturer in purchasing to depend entirely upon 
these simpler testa Since he is interested in the yield of 
glycerine, the largest possible yield of soap per pound of 
soap stock and the general body and appearance of the 
finished product, the chemical tests upon which these de- 
3 
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iKiid sliould be made. Those e.speeially iiniporlaiil arc Ibr 
acid value, ipercentaBe uti-saponifiable matter and titer te.sl. 

A short description of the various oils and fats men¬ 
tioned is suiBcient for their use in the soap industry. 

Tallow is the name given to the fat extracted from the 
solid fat or “suet” of cattle, sheep or horses. The qualits- 
varies greatly, depending upon the seasons of the year, 
the food and age of the animal and the method of ren¬ 
dering. It comes to the market under the distinction of 
edible and inedible, a further distinction being made rn 
commerce as beef tallow, mutton tallow or horse tallow 
The better quality is white and bleaches whiter upon e.x- 
posnre to air and light, though it usually has a yellowish 
tint, a well deiined grain and a clean odor. It conei-l- 
chiefly of stearin, palmitin and olein. Tallow is by far the 
most extensively used and important fat in the making 
oi soap. 

In the manufacture of soaps for toilet purposes, it is 
usually necessary to produce as while a product ns pos¬ 
sible. In order to do this it often is necessary to bleach 
the tallow before saponification. The method usually em¬ 
ployed is the Fuller’s Earth process. 

FULUta’s r.ABTH PROCESS FOR BIJtACIlIKC TALLOW. 

From one to two toils of tallow arc melted out into the 
bleaching tank. This lank is j.ackcted, made of iron and 
provided with a good agitator designeil to stir up sediment 
or a coil provided with tangential downward opening per¬ 
forations and a draw-off cock at the bottom The *oiI is 
the far simpler arrangement, mure cleanly and less likely 
to cause trouble. By ’this arrangenujit compressed air 
which is really essential in the ulili/ation of the press 
fspc later)* is utilixed for agitation. \ <lry “te.ini coil in 
an ordinary tank may lie cmplojcd in <)lace of a jarketed 
tank, which Ies.sel)s the cost of installation. 


4 



vvrittri claim that glycerine 
nil. The writer has washed- 
ajiaijsed the wash uater for 
that the afimuiit present did 
.soap makers do not attempt to 
from this oil. when used alone, for soap 
There are several gr.ulcs of palm oil in 
m toilet soa|> making it is advisahle to utili/.c 
palm oil, which is the best grade. Wh^e it is 
inaititain the e'olor of the soap this oil prodiievs, a 
(|uaijtit> of the lower or ‘■hra.s.s" gi.'ide of ^hit oil tnay be 
used, as the soap made from the belter grades of oil 
gradually bleaches and loses its orange yellow colc' 

J'alm oil iireidiieis a critnihly .so.(|) evhich cannot readily 
he milleel ami is termed "short." When used with tallow 
and eoeoanut oil. or JO to -’5 per cent, eoeoanut oil, It 
Itrodiiees a very satisfactory toilet soap. In the saitoniti- 
cation of piflm oil it is not advisable to combine it with 
tallow^ in the keltic, as the two do not readily mix. 

.Sinec the Imi.shed .soap has conveyed to it the orange 
Color of the oil, the oil is bleached before saponification. 
t).\idalion le.idilj destroys the roloriiig iii,atler. while heat 
and light astsist materially. The methods generally em¬ 
ployed are by the use of oxygen dejeloped by hichromates 
and hydrochloric acid and the direct bleaching through 
the agency of the oxygen of the air. 

CHROME BLEWCUINC OF F.SLM Oil.. 

Tdie chrome process of bleaching palm oil is more rapid 
and the oxygen thus derived being more active will bleach 
oils which air alone not. It depends upon the reaction: 

.Va,CrA »!- I = CrA. + 2XaCl + 70. 

in which the ' n is the active principle. In pcactice it 
is found tic ..ry t« u.se an excess of acid over that 
theoretically indicatgik 
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hould be chosen containing 
d a low percentage of free 
ted to these requirements, 
from a jet introduced 
iioiTand condensed water run- 
ongh two sieves (about H inch 
rous material and gross impurities 
ontains fine earthy and filirous ma¬ 
terial and vegetable albuminous matter wliich should be 
removed, as far as possible, since chemicals arc wasted in 
their oxidation and they retard the bleaching. This is best 
done by boiling the oil for one hour with wet steam and 
10 per cent, solution of common salt (2 per cent, dry .salt 
on weight of oil used) in a lead-lined or wooden tank 
After settling over night the brine and impurities are re¬ 
moved by running from a rocgpl the bottom of the vat 
and the oil is run out into the bleaching tank through an 
oil cock, situated about seven inches from the bottom. 

The bleaching tank is a lead-lined iron tank of the ap¬ 
proximate dimensions of -f feet deep, 4 feet long and 
3’/j feet wide, holding about 1' tons The charge 
is one ton. A leaden oullel pipe is li.xed at the ladtom. to 
which is attached a rubber lube closed by a sere-.v clip. 
plug also is fitted iu'o the lead outlet pipe from above 
Seven inches above the lower outlet is afllxed another tap 
through which the oil is drawn off. 

The tank is further equipped with a wet .steam coil and a 
coil arranged to allow thorough air agitation, both coils 
being of lead. A good arrangement is to use one coil to 
deliver either air or .steam. These coils should extend as 
nearly as possible over the entire bottonv of the lank and 
have a number of small downward perforations, so as to 
spread the agitation throughout the mass. 

The temperature of the oil is reduced hv pa.ssing in aii 
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to llO" F. and 4(1 pounds of fine roimiion salt per ton added 
through a sieve. About one-half of the acid (40 pounds 
of concentrated commercial hydrochloric acid) is now 
poured in and this is followed by the sodium bichromate 
in concentrated solution, previously prepared in a small 
lead vat or earthen vessel by dissolving 17 pounds of bi¬ 
chromate in 45 pounds commercial hydrochloric acid. This 
solution should be added slowly and should occupy three 
hours, the whole mass being thoroughly agitated with ait 
during the addition and for one hour after the last of the 
bleaching mixture has been introduced. The whole mix¬ 
ture i.s now allowed to settle for one hour and the ex¬ 
hausted chrome liquors are then run off from the lowei 
pipe to a waste tank. .Miout 40 gallons of water are now 
run into the bleached oil and the temperature raised bj 
open steam to 150° to 160" F. The mass is then allowed 
to settle over night. 

One such wash is suflicient to remove the spent chromt 
liquor cnmi>Ietely, provided ample time is allowed foi 
settling. A number of washings given successively with 
short periods of settling do not remove the chrome liquors 
eFcetually. The snceess of the operation depends en¬ 
tirely upon the completeness of settling. 

The wash water is drawn off a» before and the clear 
oil run to storage tanks nr to the .soap kettle through the 
upper oil cock. 

The waste liquors are boiled with wet steam and the oil 
skinflued from the surfaee, after which the liquors are run 
out through an oil trap. 

Ry following tl*e above instructions carefully it is pos¬ 
sible to hlearh one ton of palm oil with 17 pounds of bi¬ 
chromate of soda and R5 pounds hydrochloric acid. 

The spent liquors should be a bright green colo^ Should 
they be of a yellow or brownish shade inkufficient acid has 
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been allowed and more must be added to render the whole 
of the oxygen available. 

If low grade oils are being treated more chrome will be 
necessary, the amount being best judged by conducting the 
operation as usual and after the addition of the bichro¬ 
mate, removing a sample of the oil, washing the sample 
and noting the color of a rapidly cooled sample. 

A little practice will enable the operator to judge the ■ 
correspondence between the color to be removed and the 
amount of bleaching mi.'cture to be added. 

To obtain success with this process the method of work¬ 
ing given must be adhered to even in the smallest detail. 
This applies to the temperature at which each operation 
is carried out particularly. 

Ant BLEACIIINC Ot PALM OIL. 

■The method of conducting this process is identical with 
the chrome process to the point where the liydrocliluric acid 
is to be added to the oil. In this method ntj acid or 
chrome is necessary, as the active bleaching agent is the 
oxygen of the air. 

The equipment is similar to that of the former process, 
except th,at a wooden tank in which no iron is exposed will 
suffice to bleach the oil in. The process depends in rapid¬ 
ity upon the amount bf air blown through the oil and its 
even distribution. Iron should not he present or exposed 
to the oil during bleaching, as it retards the process con¬ 
siderably. 

After the imparities have been removed, as outlined 
under the chrome process, the temperature of the oil is 
raised by open steam to boiling. The steam is then shut 
off and air allowed to blow through the oil until it is com¬ 
pletely bleached, the temperature being maintained above 
ISO' F. V occasionally passing in steam. Usually a ton 
of oil is readily 'and complcfely bleached after the air has 
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been passed through it tor 18 to 20 hours, provided the 
oil is thoroughly agitated by a suflieient flow of air. 

If the the oil has been allowed to settle over night, it is 
advisable to run off the condensed water and impuriti^ 
by the tower cock before agitating again the second day. 

When the oil has been bleached to the desired color, 
which can he determined by removing a sample and cool¬ 
ing, the mass is allowed to settle, the water run off to a 
waste tank from which any oil carried along may be 
skimmed <i(T and the supernatant clear oil run to the stor¬ 
age or soap kettle. 

In hlcacliiiig by this process, while the process consumes 
more time and is not as cfBcient in bleaching the lower 
grade oils, the cost of bleaching is less and with a good 
oil success is more probable, as there is no possibility of 
any of the chrome liquors being pre.scnt in the oil. These 
give the bleached od a green tint when the chrome method 
is improiarly rondiiited and they are not removed. 

In.sleai! 'if blowing the ;iir through it, the heater oil may 
be brou;;ht into contact with the air, cither by a paddle 
wheel arnmg, metit, whieli, in constantly turning, brings 
the oil into eontaei with the air, or by pumping 
the heated oil into an elevated vessel, pierced with numcr- 
ons line hole- from whieli the oil •ontiiiously flows back 
into the ve.-.sei from which the oil is pumped. While in 
these methods air. light and heat art siinttltaneottsly in the 
bleaching of the oil, the eqtiipment required is too cum- 
bersAne to he practical. 

Recent investigations' in bleaching palm oil by oxygen 
have shown that not only the coloring matter Imt the oil 
itself was affected. In bleaching palm oil for 30 hours 
with air the free fatty acid content rose and titer decreased 
considerably. 

~Seiftli«edci Zti'l. 191.1, 40, |i. 68?, 724, 740, 
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OHvt Oil, which comes irom the fruit of the olive trees, 
varies greatly in quality, according to the method by which 
it is obtained and according to the tree bearing the fruit. 
Three hundred varieties are known in Italy alone. Since 
the larger portion of olive oil is used fur edible purposes, 
a lower grade, denatured oil, denatured because of the 
tariff, is used for soap manufacture in this country. The 
oil varies in color from pale green to golden yellow. 'I he 
percentage of free acid in this oil varies greatly, though the 
oil does not turn rancid easily. It is used mainly in the' 
manufacture of white castile soap. 

Olive oil foots, which is the oil extracted by solvents after 
the better oil is expressed, finds its use in soap making 
mostly in textile soaps for washing and dyeing silks and 
in the production of green castilc soaps. 

Otlier oils, as poppy seed oil, sesame oil, cottonseed oil, 
rape oil, peanut (arachis) oil, arc used as adulterants for 
olive oil, also as substitutes in the manufacture of castilc 
soap, since they are cheaper than olive oil. 

Cottonseed Oil is largely used in the manufacture of 
floating and laundry soaps. It may be used for toilet 
soaps where a white color is not desired, as yellow spots 
appear on a finished soap in which it has been used after 
having been in stock a'khort time. 

Com Oil and Soya Bean Oil are also used to a slight ex¬ 
tent in the manufacture of toilet soaps, although the oils 
form a soap of very little body. Their soaps also spot 
yellow on aging. * 

Com oil finds its greatest use in the manufacture of 
soap for washing automobiles It is furtlier employed for 
the manufacture of cheap liquid soaps. 

Patty Acids ate also used extensively in soap manufac¬ 
ture. While the soap manufacturer prefers to use a neutral 
oil or fat, since from these the by-product glycerine is 
M 
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nbtuiliul, circuiiisUiiccs arise where it is an adrautage tu 
use the free fatty acids. Red oil (oleic acid, elaine) and 
stearic acid are the two fatty acids most generally bought 
for soap making. In plants using the Twitchell process, 
which consists in splitting the neutral fats and oils into 
fatty acids and glycerine by dilute sulphuric arid and pro¬ 
ducing their final separation by the use of so-called aromatic 
sulphonic acids, these fatly acids consisting of a mixture of 
oleic, stearic, palmitic acids, etc., arc used directly after 
hawing been purified by distillation, the glycerine being ob¬ 
tained from evaporating the wash water. 

Oleic acid (red oil) and stearic acid are obtained usual- 
Ij by the saponitication of oils, fats and greases by acid, 
lime or water under pressure or Twitchelliiig. The 
tatty acids thus are fried from their combination with 
glycerine and solidify upon cooling, after which they are 
separated from the water and pressed at a higher or lower 
tcniperaiure. The oleic acid, being liquid at ordinary 
temperature, together w-itli some stearic and palmitic acid, 
IS thus pressed out. These hitter acids arc usually sepa¬ 
rated by distillation, combined with the press cake further 
luirificd and sold as stearic acid. 

'flic red oil, sonictiiues called saponified red oil, is often 
semi-solid, resembling a soft tallow,* due to the presence 
of stearic acid. The distilled oils are usually clear, vary¬ 
ing in color from light to a deep brown. Stearic acid, 
which reaches the trade in slab fdrm, varies in quality 
from % soft brown, greasy, crumbly solid of unpleasant 
odor to a snow white, wax-like, hard, odorless mass. The 
quality of stearic a«id is best judgecl by the melting point, 
since the presence of any oleic acid lowers this. The melt¬ 
ing point of the varieties used in snap manufacture usually 
ranges from 128° to 132° F. Red oil is used in trt manu¬ 
facture of textile soaps, replacing olive oif foots soap foi 
IS 
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this purpose, chlorophyll being used to color the soap 
green. Stearic acid, being the hard firm fatty acid, may be 
used in small quantities to give a better grade of soap body 
and finish. In adding this substance it should always 
be done in the crutcher, as it will nut mi.e in the kettle. 
It finds its largest use fur soap, however, in the manu¬ 
facture of sliaving soaps and shaving creams, since it 
produces the non-drying cuainy lather so greatly desired 
for this purpose. Uoth red oil and .stearic acid being fatty 
acids, readily unite with the alkali curbonale.s, carbon diox¬ 
ide being formed in the reaction and this method is ex¬ 
tensively used in the forniatioii nl soap from them. 
aANClDlTY or OILS AND S'ATS. 

Rancidity in neutral oils and fats is one of the problems 
the soap manufacturer has to contend with. 'Ihe mere 
saying that an pil is ranciil is no indication of its being 
high in free acid. The two terras rancidity and acidity arc 
usually allied. I'ormcriy, the acidity of a fat was looked 
upon as the diiect measure of its rancidity. This idea is 
still prevalent m iiraciice and cannot he too often stated 
as incorrect, hats ami oils may he uenf, or rmiciif, or acid 
and rancid, lii an acid iat there has been a hydrolysis of 
the fat and it has developed a rather high percentage of 
free acid. A rancidefal is one in which have been de¬ 
veloped compounds of an odoriferous nature. An acid and 
rancid fat is one in which both free acid and organic com¬ 
pounds of the well known disagreeable odors have been 
produced. 

It cannot be definitely stated just how this rancidity 
takes place, any more than just what are the chemical 
products causing rancidity. The only conclusion that one 
may draw is that the fats arc first hyrlrolyzed or split up 
into flyferine and free fatty acids. This is followed by 
•an oxidation of the products thus formed. 
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Moisture, air, light, cnrymes (organized ferinents) and 
bacteria are all given as causes of rancidity. 

It seems very probable that the initial splitting of the 
fats is caused by enzymes, which arc present in the seeds 
and fruits of the vegetable oils and tissue of animal fats, 
in the presence of nioi<liire. l-ewbowitsch strongly em¬ 
phasizes this point and be is substantiated in his idea by 
other authorities. Others bold that bacteria or micro¬ 
organisms are the cause of this hydrolysis, citing the fact 
that they Iiavc i.solateil various micro-organisms from 
various fats and oils. The acceptance of the bacterial ac¬ 
tion would explain the various met bods of preservation of 
oils and fats by the u.se of antiseptie preparations. It can¬ 
not, however, be accepted as a certainly that bacteria cause 
the rancidity of fats. 

The action of enzymes is a more probable explanation. 

The hydroly.'.is of fats and oils is accelerated when they 
are allowed to remain for some time in the presence of 
organic non fats. Thus, palm oil, lower grades of olive 
oil, and tallow, which ha-, been in contact with the animal 
tissue for a t-mg time, all contain other nitrogenous matter 
and exhibit a larger percentage of free fatty acid tlian the 
oils and fats not eontaining such iiyiurilics. 

Granting this initi.al splitting of the fat into free fatty 
acids and glycerine, this is not a suflicient cxpbmation. The 
products thus formed must lie acted upon by air and light. 
It issby the action of these agents that there is a further 
action upon the products, and from this oxidation we as¬ 
certain by taste atgl smell (chemicJl means arc still unable 
to define rancidity) whether or not a fat is rancid. While 
some authorities have presumed to isolate some of these 
products causing rancidity, we can only assume thtf presence 
of the various possible compounds produged by the actiotv 
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uf air and liglit which include osy fatty acids, lactuncs, al¬ 
cohols, esters, aldehydes and other products. 

The soap manufacturer is interested in rancidity to the 
extent of the effect upon the finished soap. Rancid fats 
form darker soaps than fats in the neutral state, and very 
often carry with them the disagreeable odor of a rancid oil. 
Further, a rancid fat or oil is usually high in free acid. It 
is by no means true, however, that rancidity is a meas¬ 
ure for acidity, for as has already been pointed out, .in 
oil may be rancid and nut high in free acid. 

The percentage of free fatty acid is of even greater 
importance in the soap industry. The amount of glycerine 
yield is dependent upon the percentage of free fatty acid 
and is one of the critcrions of a good fat or oil for soap 
stock. 

pilEVE.NTIU.N or RANCimiY. 

Since moistuie, air, light and cu/'.vmLS. produced by the 
presence of organic impurities, aic neces.'.ary for the ran¬ 
cidity of a fat or oil, the methods of lueventing rancidity 
are given. Complete dryness, compUtc purification of fats 
and oils and storage without access of air or light are de¬ 
sirable. Simjile as these means may seem, they can only 
be appro.'iimatcil in prac.ice. The most difficidt problem is 
the removal of the las* trace of moisture. Impurities may 
be lessened very oflin by the use of greater care. In stor¬ 
ing it is well t" store in closed bairels or closed iron 
tanks away from light, as it has been observed that oils 
and fats in closed reee|itailes become rancid less rabidly 
than those in open ones, even though this method of stor¬ 
ing is only partially atla’innl. I’reservatwes are also used, 
but only in edible products, where theii elfectiveness is an 
open question. 

’chemical cou.siant.s os oils A.VD KAT<!. 

Besides the various physical properties of oils and fats. 
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such as color, specific gravity, melting point, solubility, etc., 
they may be distinguished chemically by a number of 
chemical constants. These arc the iodine number, the acetyl 
value, saponification number, Rcichert-MeissI number for 
volatile acids, Hehncr number for insoluble acids. These 
constants, while they vary somewhat with any particular 
oil or fat, are more applicable to the edible products and 
are critcrions where any adulteration of fat or oil is sus¬ 
pected. The methods of carrying out the analyses of oils 
aniT fats to obtain these constants arc given in the various 
texts* on oils and fats, and inasmuch as they are not of 
great impprtance to the soap industry they arc merely men¬ 
tioned here. 

on. IIAKDE.VING OR IIVUKI'OENATINC. 

It is very well known that oils and fats vary in con¬ 
sistency and hardness, depending U|)on the glycerides 
forming same. Olein, a combination of oleic acid and 
glycerine, as well as oleic acid itself largely forms the 
Iniuid portion of oils and fat;. Oleic acid (C„HuO,) is an 
unsaturated acid and differs from stearic acid CuH„Oa), 
the acid forming the hard firm iiortion of oils and fats, 
by containing two atoms of hydrogen less in the molc- 
■■ulc. Theoretically it should be a sii^le matter to intro- 
'.ucc two atoms of hydrogen into oleic acid or olein, and 
by this mere addition convert liquid oleic acid and olein 
into Solid stearic acid and stcarinc. 

I'or gears this was attempted and all attempts to apply 
the well known methods of reduction (addition of hydro¬ 
gen) in organic ct^cmistry, such at treatment with tin 
and acid, sodium amalgam, etc., were unsuccessful. In 
recent years, however, it has been discovered that in the 
piiseme of a catalyzer, nickel in finely divide^ form 

^•Official AIclbod.s, see Bull. 10?. A. O. A. C.. U. S. Dept. Arictdt 
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or the oxides of nickel are usually employed, the process 
of hydrogenating an oil is readily attained upon a prac¬ 
tical basis. 

The introduction of hardened oils has opened a new 
source of raw material for the soap manufacturer in 
that it is now possilile to use oils in soap making which 
were formerly discarded because of their undesirable 
odors. Thus fish or train oils which had up to the time 
of oil hydrogenating resisted all attempts of being per-' 
mancntly deodorized, can now be cinidoyed very satis¬ 
factorily for soap m.antifacture. .A Jaiianese chemist. 
Tsujimoto* has shown that fish oils contain an unsalu- 
rated acid of the composition CnHi-O,, for which he pro¬ 
posed the name clupanoilotiic acid. Hy the catalytic hard¬ 
ening of train oils this acid passes to stearic acid and the 
problem of deodorizing these oils is solved.* 

.At first the introdnciion of hardened oils for soap 
manufacture" met with nnmtrous objections, due to the 
continual failures of obtaining a satisfactory pretduct by 
the use of same. A'arious attempts have now shown that 
these oils, particularly hardenetl train oils, produce 
extraordinarily useful materials for soap making. Tbc.se 
reidacc e.xi.ensivc tallow and other high melting oils. It 
is of course impnssiWe to employ hardened oils alone, as 
a soap so hard would thus be obtained that it would 
be difficultly soluble in water and possess very little lather¬ 
ing quality. By the addition of 20-25',r of tallow oil or 
some other oil forming a soft soap a very suitabl? soap 
for household use may he obtained. Ribot’ discusses this 
matter fully. Hardened oils readily* saponify, may be 

*jDum. Coll, of Eiisin. Tnhjo TmpiT. t’rnv. fl906), p. 1. Abs. 
Cbem. Revue f. d. retl-ii. H,stz, Tiul. 16, p. 84; 20, p. S. 

'M yesbeiiu —Fort, der riicm,, PIiv«ilc. und Physik, Chem. (1912). 
». 6. p. 29.S-30?. 

■Seifs. Ztg. (1913), 40, p. 142. 
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perfumed without any objections and do not impart any 
fishy odor to an article washed with same. Meyerhcim' 
states that through the use of hydrogenated oils the hard¬ 
ness of soap is extraordinarily raised, so that soap made 
from hardened cottonseed oil is twelve times as hard as 
the sojip made from ordinary cottonseed oil This soap 
is also said to no longer spot yellow upon aging, and s', 
a ronsequcnce of its hardness, is able to contain a con- 
'sidcralily higher content of rosin through which lather¬ 
ing' power and odor may be improved. Hardened .oils 
can easily be used lor toilet .soap bases, provided they 
arc not addeil in too great a percentage. 

The use of hardened oils is not yet general, but there 
is little doubt that the introduction of this process goes a 
long way toward solving the problem of cheaper soap 
material for the coap making industry. 

GREASE. 

Grease varies so greatly in eoni|iusitiun and consistency 
that it can hardly be classed as a distinctive oil or fat. 
It is obtained from refuse, bones, hiiles, etc., and while 
it contains the same constituents as tallow, the olein con¬ 
tent is considerably greater, which causes it to be more 
litpiid in cotitposition. Grease differs in color from an 
off-white to a ilark I'rown. The better qualities are em¬ 
ployed in the ttiattufacitirc of laundry and chip soap, 
while tiie poorer qualities are only fit for the cheapest of 
soaps ttsed in scrubbing floors and such purposes. There 
is usually found in grease a considerable amount of gluey 
matter, lime and ijater. The pcrqcnlage of free fatty 
acid is generally high. 

The darker grades of grease are bleached before be¬ 
ing used. This is done by adding a small quantity of 
sodium nitrate to the melted grease and agitating, then 

* ]joe. cit. 
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rcraoviiiK the excess saU|ietcr hy dccomiKisini,' with sul¬ 
phuric aeiil. A better nielhcxl of reriiiiiig, however, is by 
distillation. The chrome bleach is also applicable. 

ROSIN (COIOPHONY. YEI.LOW ROSIN, RESINa). 

Rosin is the residue which remains after the distil¬ 
lation of turpentine from the various species of pines. 
The chief source of supply is in the States of Georgia 
North and .South Carolina. It is a transparent, amber 
colored hard pulvcrirablc resin. The lietter grades’ are 
light in color and known as water white (w. w.) and 
window glass (w. g). These arc obtained from a tree 
which has been tapped for the first year. ■\s the same 
trees are t.'ipped from year to year, the product becomes 
deeper and darker in color until it becomes almost black. 

The constituents of rosin are chiefly (80 90'f) abietic 
acid or its anhydride together with pinic and sylvic 
acids. Its specific gravity is 1.07-1.08. tnelling point 
about 11)2.5 C.. and it is siihible in alcohol, ether, benzine, 
carbon disulfide, oiK, alkalis :ind acetir acid. 'I he inaiti use 
of rosin, out.side of the production dl varnishes, is in the 
production ol laundry soaps, although a slight |)crccntagc 
acts as a hinder and fixatite ftir perfumes in toilet soaps and 
adds to their deti'r^ nt (iroperties. Since it is mainly com¬ 
posed of acids, it le.idil;, imiles with all.. time rariionates 
though the saponiliration is not tgnitc complete and the 
last portion mu.^l he completed lltrotigh the use of caustic 
hydrates, unless an excess of 10'l!i carhtmate o^cr the 
Iheoretiral amount is used. A lye of 20” II. is bc.st 
adapted to the saponfficalion of Msin when caustic hydrates 
are employed for this purpose, since weak lyes cau.se 
frothing. While it is sometimes considered that rosin 
is an adulterant for soap, this is hardly justifiable, as it 
adds to the cleansing properties of soap. Soaps contain- 
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ing rosin are of the well known yellowish color common 
to ordinary laundry soaps. The price of rosin has so 
risen in the last few years that it presents a problem of 
cost to the soap manufacturer considering the price at 
which Iaundr>* soaps are sold. 

ROSIN SAPONIFICATION. 

As has been slatcil, rcKsin may be saponified by the use 
*)f alkaline carlumatis. On account of the possibility of 
ilie» .soap frothing over, the kettle in which the operation 
takes place .should be set flush with the floor, which 
ought to he con,siru{'tcd of cement. The kettle itself is 
an open one with round bottom, eqiiijiped with an open 
steam coil and skimmer pipe, and the open portion is 
protected by a semi-circular Ail. A powerful grid, hav¬ 
ing a 3-inch mesh, covers one-half of tlic kettle, the 
sharp e<lges pn.iriuling upwards, 

1'he st.'ues from the rosin casks arc removed at the 
edge of the kettle, the rosin placed on the grid and 
beaten tlirough with a hammer tf' break it up into small 
pieces. 

To saponify a ton of rosin there are required 200 lbs. 
soda ash, 1,(»00 lbs. water and 100 lbs. salt. Half the 
water is rtm into the kettle, hojle*!. an;! thou the soda a.sh 
•.nd half (he salt added. '1 he iomu is now added through 
the grid and the mixture thoroughly boiled. As carbon 
dioxide is evolved by the reaction the boiling i.s con 
tinued*for one hour to remove, any cxce.ss of this gas. A 
portion of the s.dt is gradually added to grain riie soap 
well and to keep the mass in sucli tondition as to favor 
the evolution of gas, The remainder of the water is 
sdded to dose the soap and boiling continued for one 
ar two hours longer. At this point the kettle ^ust he 
carefully watched or it will boil over through the further 
2i 
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escape of carbon dioxide being hindered. The mass, 
being in a froth}' condition, will rai)idly settle by con¬ 
trolling the flow of steam. The remaining salt is then 
scattered in ari^h the soap allowed to settle for. two hours 
or longer. The lyes arc then drained off the top. 
If the rosin soap is required for toilet soaps, it is 
grained a second time. The soap is now boiled with 
the water caused by the condensation of the steam, which 
changes it to a half graincrl soap suitable for pumping. 
A soap thus made contains free soda ash 0.15'b' or less,- 
free rosin about 15/1. The mass is then pumped to the 
kettle containing the soap to which it is to he added at 
the proper stage. The time ci'iisumed in thus saponifying 
rosin is about five hours. 

NAPinilt.NtC ACIDS. 

The naphtha or crude petroleum fd the various prov¬ 
inces in I'iuropc. as Ku.ssia, Uahicia. .Msace and Kou- 
mania yield a series of bodiis ot acid character upon re¬ 
lining which are designtitcd under the general name of 
naphthenic acids, 't hese ticiils arc retained in solution 
in the alkaline lyes thiiiug the distillation of the naphtha 
in the form of alkaline luphihenatcs. Upon adding di¬ 
lute sulphuric acid to thc-e lyes the iiaphtheti.ilcs arc 
decomposed and the naplitheiiic acids float to the sur¬ 
face in an oily layer of characteristic disaerceahle odor 
and varying from yellow to brown m color'. In Russia 
partictdarly large quantities of these ticids are employed 
in the manufacture of soap. 

The soap.s formed* from naphthenic, acids have recently 
been investigated’ and found to rcsetiihle the soaps made 
front cocoanut oil and palm kernel oil, in that they are 

' I rs ft.-tierrs Oriiisses <1914), 7, 69, p. 3J67. 

“Ztil. t. Angew. Chem. (1914), 27, 1, p. 2-4. 
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difficult to salt out and dissociate very slightly with water, 
The latter property makes them valuable in textile in¬ 
dustries Villen a mild soap is required as a detergent, e. g., 
ill the silk industry. These soaps also possess a high solvent 
power for mineral oils and emulsify very readily. The 
mean molecular weight of naphthenic acids themselves is 
very near that of the fatty acids contained in cocoanut 
oil, and like those of cocoanut oil a portion of the sepa¬ 
rated acids arc volatile with steam. The iodine number 
indicates a small content of unsaturated acids. 

'lliat naphthenic acids are a valnable soap material is 
now recogni-ied, but e-scept in Russia the soap is not 
manufactured to any extent at the present time. 

ALKALIS. 

The common alkali metals which enter into the for¬ 
mation of soap arc sodium and potassium. The hy¬ 
droxides of these metals arc usually used, except in the 
so called carbonate saponification of free fatty adds in 
which case sodium and potassium carbonate are used. A 
water solution of the caustic alkalis is known as lye, and 
it is as lyes of various strengths that they are added 
to oils and fats to form soap. The density or weight of 
a l;c is considerably greater than that of water, depend¬ 
ing upon the amount of alkali disso’icd, and its weighi 
IS usually determined by a hydrometer. This instrument is 
gradua'cd by a standardized scale, and while all hydro- 
meterii should read alike in a liquid of known spedfic-, 
gravity, this is generally not the case, so that it is advisable 
to check a new hydrometer for accurate work against one 
of known accuracy. In this country the Baume scale has 
been adopted, while in England a different graduation 
known as the Twaddle scale is used. The strength of a 
lye or any solution is determined by the distanc| the in- 
2S 
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strumeiit sinks into lliv sulution, and we speak of (lie 
strength of a solution as so many degrees Baume or Twad¬ 
dle which are read to the point where the meniscus of the 
lye comes on the graduated scale. Hydrometers are 
graduated differently for liquids of different weights. In 
the testing of lyes one which is graduated from 0° to 
50° B. is usually emiiloyed. 

Caustic soda is received by the consumer in iron 
drums weighing approximately 700 lbs. each. The vari¬ 
ous grades are designated as 60, 70, 74, 76 and 77'/i^ 
These percentages refer to the percentage of soiffum 
oxide (NajO) in IIX) jiarls of pure caustic soda formed 
by the combination of 77l'2 parts of sodium oxide and 
parts of water, 77J5% being chemically pure caustic 
soda. There arc generally impurities [irescnt in com¬ 
mercial caustic soda. These consist of sodium carbonate, 
sodium chloride or common salt and sometimes lime. It 
is manufactured by treating soihum carbonate in an iron 
vessel with calcium hydroxide (ir slaked lime, or by elec 
trolysis of common salt. The hitter iiroccss has yet been 
unable to corniiele with the ti rmcr in price. Formerly 
all the caustic soda used in soap making was imported, 
an-t it was only (linnigli the .American manufacturer 
using a similar container to that used fay foreign manu¬ 
facturers that they‘were able to introduce their product. 
This prejudice has now been entirely overcome and most 
of the caustic soda used in this country is manufactured 
here. 

( AOSTIC IVITASII. 

The output of (he salts cnnlaining potassium is con¬ 
trolled almost entirely by Germany. I'ormerly the chief 
.source of supply of potas.-iiim compounds was from the 
burned ashes of plants, hut alioiit fifty years ago the in- 
cxhaustitile salt mines of Stassfurt, Germany, were dis- 
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covered. The salt there mined contains, besides the 
chlorides and sulphates of sodium, magnesium, calcium 
and other salts, considerable quantities of potassium 
chloride, and the Stasslurt mines at present are prac¬ 
tically the entire source of all potassium compounds, in 
spite of the fact that other localities have been sought 
to produce these compounds on a commercial basis, espe¬ 
cially by the United States government. 

After separating the potassium chloride from the mag- 
'nesium chloride and other substances found in Stassfurt 
salts the methods of manufacture of caustic potash are 
identical to those of caustic soda. In this case, however, 
domestic electrolytic caustic potash may be purchased 
cheaper than the imported product and it gives results 
equal to those obtained by the use of the imported article, 
opinions to the contrary among soap makers being many. 
Most of the caustic potash in the United States is manu¬ 
factured at Niagara Falls by the Niagara Alkali Co., 
and the Hooker Electrochemical Co., chlorine being ob¬ 
tained as a by-product. The latter concern employs the 
Townsend Cell, for the manufacture of electrolytic pot¬ 
ash, and are said to have a capacity for making 64 tons 
of alkali daily. 

Since the molerular weight of caustic potash (56) is 
greater than that of caustic soda (40) more potash is 
required to saponify a pound of fat. The resulting potash 
soap is correspondingly heavier than a soda soap. When 
salt is* added to a potassium soap double decomposition 
occurs, the potassium soap being transformed to a so¬ 
dium soap and the potassium unitin| with the chlorine to 
form potassium chloride. This was one of the earliest 
methods of making a bard soap, especially in Germany, 
where potash was derived from leeching ashes o{ burned 
wood and plants. 


37 



SOAP-MAKJNC MANUAL 

SODIUM CAKBONAIE (iAlDA ASU). 

White carbonate of soda is widely distributed in na¬ 
ture the source of supply is entirely dependent upon the 
manufactured product. Its uses are many, but it is espe¬ 
cially iniiiortant to the soap industry in tlie so called car¬ 
bonate sapunilication of free fatty acids, ;is a constituent 
of soap powders, in the neutralization of glycerine lyes 
and as a tiller for laundry soaps. 

The old I'reneh Le Blanc soda process, which consists 
in treating common .salt with sulphuric acid and reducing 
the sodium sulphate (salt cake) thus formed with ear- 
bon in the form of charcoal or coke to sodium sulphide, 
which when treated with calcium carbonate yields a mix¬ 
ture of calcium sulphide and .sodium carbonate tblack ash; 
from which the carbonate is dissolved by water, has been 
replaced by the more recent Solvay ammonia soda process. 
Even though there is a considerable loss of salt and the by 
product calcium chloride produced by this process is only 
partially used u)) as a drying agcui, and for refrigerating 
purposes, the t.e Blanc process cannot compete with the 
Solvay process, so that the time is not far ilistant when 
the former will he considered a chemical curiosity. In 
the Solvay method of manufacture Sodium chloride (com¬ 
mon salt I :ind amijioniiuu bicarbonate arc mixed in so¬ 
lution. Double deco'iipositioii ■wcurs with the formation 
of ammonium ebb-ride and .sodium biearbomite. The lat¬ 
ter salt is coiup.irntively dilTicultly soluble in water and 
crystallizes out, the amuMmium chloride rimainiug*in so¬ 
lution. When the sodium bicarbonate :s heated it yields 
sodium eaib uate. carb'-n ilioxide iftid water, the car 
bon dioxide is ii.-i'^cd int - anmir nia which is set tree from 
the ammonium chloride obtained as above by treatment 
with lime (calcium t'xide) calcium chloride being the by¬ 
product: 
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Sal soda or washing soda is obtained by rccrystallizing 
a solution of soda ash in water. Large crystals of sal 
soda containing but 37% sodium carbonate arc formed. 

POT.tSSIUM CARBONATE. 

Potassium carbonate is not extensively used in the 
manufacture of sotip. It may be used in the forming of 
soft soaps by uniting it with free fatty acids. The meth¬ 
ods of manufacture are the same as fer sodium carbonate, 
although a niacli larger <|uanlity of potassium carbonate 
than carbonate of s.ida is ■.Irtained from burned plant 
ashes. Purified potassium carbonate is known as pearl ash. 

AtioiTiiiNAi. Mvrmm. i ski) in sii.sp making. 

Water is indi.speusable to the s,.ap manufacturer. In the 
soap factory hard water is often the c iusc of much trouble. 
Water, which if the best solvent known, in passing through 
the crevices of rocks ilissolves sonic of ihe constituents 
(■f thc.se, and llie water is known as haid. This hard¬ 
ness is of two kinds, ieiiip,<iiiry and permanrnt. Tero- 
poiarily hard water is fonnetl by water, which eotifams 
carbonic acid, diss.dving a portion of calcium carlionate 
or carbonate of linic. Upon boiling, the carbonic acid is 
driven from the water and the carbonate, being insoluble 
m carbon dioxide free water, is deposited. This is the 
cati.se of boiler scale, atid to check this a small amount of 
sal annn miac may be added to the water, which con¬ 
verts the carbonate into soluble calcium chloride and 
volatile ammonium carbonate. Permanent hardness is 
caused by calcium snljihate which is soluble in 400 parts 
of water and cannot be removed by boiling. 

'The presence of these salts in water form insoluble lime 
soaps which act as inert bodies as far as their value for 
the common use of soap is concerned. Where the per¬ 
centage of lime in water is large this shopld be removed. 
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A method generally used is to add about 5% of 20* B. 
sodium silicate to the hard water. This precipitates the 
lime and the water is then sufficiently pure to use. 

Salt, known as sodium chloride, is used to a large ex¬ 
tent in soap making for “salting out” the soap during 
saponification, as well as graining soaps. Soap ordinarily 
soluble in water is iiiiiolublc In a salt solution, use of 
which is made by adding salt to the soap which goes 
into solution and throws any soap dissolved in the lyes 
out of solution. Salt may contain magnesium and Val- 
cium chlorides, which of cour.se are undesirable in large 
amounts. The products on the market, however, are 
satisfactory, thus no detail is necessary. 

Filling materials used are sodium silicate, or water 
glass, talc, silex, pumice, starch, borax, tripoli, etc. 

Besides these other materials are used in the refining 
of the oils and fats, and glycerine recovery, such as 
Fuller's earth, bichromates of soda or potash, sulphate of 
alumina, sulphuric and hydrochloric acids and alcohol. 

A lengthy description of lhc.se substances is not given, 
as their modes of use are detailed elsewhere. 
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CHAPTER II 

Construction and Equipment of a Soap Plant. 

No fixed plan iur llic construction and equipment 
of a soap plant can be given. The specifications for a 
soap factory to be erected or remodeled must suit the 
particular cases. Very often a building which was con¬ 
structed for a purpose other than soap manufacture must 
be adapted for the production of soap. In either case 
It is a question of engineering and architecture, together 
with the knowledge obtained in practice and the final de¬ 
cision as to the arrangement is best solved by a confer¬ 
ence with those skilled in each of these branches. 

An ideal soap plant is one in which the process of soap 
making, from the melting out of the stock to the packing 
and shipping of (he finished product, moves downward 
from floor to floor, .since by this method it is possible to 
utilize gravitation rather than pumping liquid fats and 
fluid soaps. Convenience and economy arc obtained by 
such an arrangement. 

liie various machinery and other equipment for soap 
manufacture are well known to those' connected with this 
i.idustry. It varies, of course, depending upon the kind 
of soap to be manufactured, and full descriptions of the 
necessary machinery are best given in the catalogs issued 
by the manufacturers of such equipment, who in this 
country are most reliable. 

To know just what equipment ii necessary can very 
easily be described by a brief outline of the process vari¬ 
ous soaps undergo to produce the finished article. After 
the saponification has taken place in the soap kettle the 
molten soap is run directly into the soap frames, 
31 



SoAP-MAKIM; MANl'AL 


which consist of an oblong compartment, holding any¬ 
where from 400 to 1,200 pounds, with removable steel 
sides and mounted upon trucks, in which it solidifies. In 
most cases it is advisable to first nm the soap into a 
crutchcr or mixer which produces a more homogeneous 
mass than if this operation is omitted. Color and per¬ 
fume may also be added at this point, although when a 
better grade of perfume is added it must be remembered 
that there is considerable loss due to volatilization of 
same. When a dryiiij; machine is employed the molten 
.soap is run directly upon the r.dlco of this ni.ichiuc. 
later adding about l.O'i zinc o.xiiU- t,. the soaii iroiu 
which it passes continuously thr'iiigh the drying chamber 
and is emitted in clii]i form ready for milling. .After 
the soap has been framed, it is allowed to cool and 
solidify, which takes several days, and then the sides of 
the frame are stripped olf. The large solid rake is cut «ith 
wires by hand or by a slabber into slabs of any desired 
size. These slabs arc further divided into siimllCr di¬ 
visions by the euttin/; table in non-milled snaps (lauii- 
Iry soaps, floating soaps, etc. l. these are pressed at th^ 
stage, usually by automatic presses, after a thin hard 
film has been formed over the cake by allowing it to dry 
slightly. In making these soaps they are not touched by 
hand at any time during the opei,ition. the piessing. 
wrapping and packing all being done by machinery. I'or 
a milled soap the large slabs are cut into narrow loblong 
shapes by rae.ans of the cutting table to readily pass into 
the feeder of the chipl'er. the chipt being spread upon 
trays and dried in a dry house until the moisture content 
is approximately 1S',<. 

The process of milling is accomplished by passing the 
dried soap chips through a soap mill, which is a machine 
consisting of u,stially three or tour contiguous, .siiioolh. 
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granite rollers operated by a system of gears and set 
far enough apart to allow the soap to pass from a hopper 
to the lirst roller, from which it is constantly conveyed 
to encli succeeding roller as a thin him, and finally 
scraped from' the last roller to fall into the milling box 
in thin rddjon form. These mills are often operated in 
tandem, which necessitates less handling of soap by the 
•operator. The. object of milling is to give the soap a 
'glossy, smooth finish and to blend it into a homogeneous 
miss. The perfume, color, medication or any other ma¬ 
terial desired arc added to the dried soap chips prior to 
milling. Some manufacturers use an amalgamator to 
distribute these uniformly through the soap, which elimi¬ 
nates at least one milling. When a white soap is being 
put through the mill, it is advisable to add from 
0.5% to l'» of a good, fine quality of zinc oxide to the 
soap, if this substance has not been previously added,' 
This serves to remove the yellowish cast and any trans- 
lucency occasioned by plodding. Too great a quantity 
of this compound added, later exhibits itself by imparting 
to the soap a dead white appearance. Inasmuch as the 
milling process is one upon which the appearance of a 
finished cake of toilet soap largely depends, it should be 
carefully done. The number of tir.ies a soap should be 
milled depi iids upon the cliaracter of a soap being worked. 
It should of course be the object to mill with as high a 
pcrci^tage of moisture as possible. Should the soap be¬ 
come too dry it is advisable to add water directly, rather 
than wet soap, siiije water can more easily be distributed 
through the mass. As a general sfatement it may be said 
it is better policy to overmill a soap, rather than not mill 
it often enough. 

After the soap has been thoroughly milled ij is ready 
for plodding. A plodder is so tonstructed as to take the 
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soap ribbons fed into the hopper by means of a worm screw 
and continuously force it under great pressure through a 
jacketed cylinder through which cold water circulates in 
the rear to compensate the heat produced by friction and 
hot water at the front, to soften and i>oIi.sh the soap which 
passes out in solid form in bars of any shape and size 
depending upon the form of the sUapins plate through 
which it is emitted. The bars run upon a roller board, 
are cut into the required length by a special cake cutting- 
table, allowed to dry slightly and pre.sscd either auto¬ 
matically or by a foot power press in any suitable soap die. 
The finished eake is then ready for « rapping and after due 
time in stock reaches the consumer. 

Besides the various apparatus mentioned above there are 
many other parts for the ftdl equipment of a modem soap 
plant, such as rcraeltcrs, pumps, mi.xcrs, special tanks, 
power equipment, etc. As has been stal'd, however, prac¬ 
tical experience will aid in judging the practicability as to 
installation of these. The various methods of powdering 
soap arc, InjcveM-r. not generally known. Where a coarse 
powder is to he produced, such as is used for common 
washing powders, no great difliculty is experienced with 
the well known Blanchard mill. In grinding soap to an 
impalpable powder tljc difficulties increase. The methods 
adapted in pul\cri/ing '..aps are by means of disinte¬ 
grators, pebble mills ami chaser mills. The disintegrator 
grinds by tlie principle of attrition, that is, the material is 
reduced by the particles being caused to beat against'each 
other at great velocity; a pebble mill crushes the sub¬ 
stance by rubbing it botween hard pebUles in a slowly re¬ 
volving cylinder; the chaser mill first grinds the material 
and then floats it as a very fine powder above a curb of 
fixed height. The last method is particularly adapted for 
the finest*bf powder (140 mesh and over). 



CHAPTER III 

Classification of Soap-Making Methods. 

In the saponification of fats and oils to form soap 
through the agency of caustic alkalis, as has been stated, 
the sodium or potassium salts of the mixed fatty acids are 
formed. Sodium soaiis arc usually termed hard soaps, and 
'pofts.sium soaps soft. There are, however, a great many 
varieties of soaps the appearance and properties of which 
depend upon their method of manufacture and the oils or 
fats used therein. 

The various methods adopted in soap making may be 
thus classified: 

1. lioiling the fats and oils in open kettles by open 
steam with indefinite quantities of caustic alkali solutions 
until the finished soap is obtained; ordinarily named full 
hnitfd soaps. These may he sub-divided into (a) hard 
S' .aps with .sodium hydrate as a base, in which the glycerine 
IS recovered from the spent lyes; (b) hard soaps with 
soda as a base, in which the glycerine remains in the 
soap, c. g., marine cocoanut oil soaps; (c) soft potash 
soaps, in which the glycerine is retained by tlic soap. 

2. Combining the required amoimt of lye for complete 
s.iponitication of a fat therewith, heating slightly with dry 
he,at and then allowing the saponification to complete itself. 
This ?s known as the cold process. 

3. Utilising the fatly acid, instead of the neutral fat, 
and combining it dmectly with caustic alkali or carbonate, 
which is incorrectly termed carbonate saponHicaiion, since 
it is merely neutralising the free fatty acid and thus is 
not a saponification in the true sense of the word. No 
glycerine is directly obtained by this method,* as it is 
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iiMiallr pri'MdUaly rcniuvcil in the clearaRC of the fat by 
either the Twitchell <ir auti>ela\e ^a]Htni^l^atiun method. 

In the methods thus outlined the one most generally 
employed is the full bhiled process to form a sodium soap. 
This method of making soap requires close attention and 
a knowledge which can only be obtained by constant prac¬ 
tice. The stock, strength of lyes, heat, amount of .salt or 
brine added, time of settling, etc., are all influencing 
factors. 

The principles involved in this process arc briefly these; 

The fat is partly .saponified with weak lyes (usually 
those obtained from a previous boiling in the strengthening 
change are u.sed), and salt is added to grain the soap. The 
mass i.- tlien allowed to settle into two layers. The upper 
layer is partly .saponified fat; the lower layer, or spent I.\c, 
is a solution of salt, glycerine, and contains any albuminoiK 
matter or any other impurity contained in the fat. This 
is known as the killing or glycerine change. Strong lyes 
are now added and the fat entirely saponified, which is 
termed the strengthening ehangc. The mass is then al¬ 
lowed to settle and the fluid soap run off above the “nigre." 
This operation is called the finish or finishing change. 

The method may be more fully illnstraled by a concrete 
example of the roetHlid of manufacture of a tall.ov base 

Charge- 

Tallow . 88 per cent. 

Cocoanut oil ... Ifl per cent. 

Kosin w. w. ... 2 per cent. 

Amount chtfrge.* 10 tons 

About five tons of tallow and one ton of cocoanut oil 
are pumped or run into the soap kettle and brought to a 
boil withfWCt steam until it briskly comes through the hot 
fat. The caustic, soda (strengthening lyes from former 
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boilings may bo used bore) is gradually added by the dis¬ 
tributing piiio, any tendency to thicken being chocked by 
the introduction of small quantities of brine (“salt pickle”). 
If the lye is added too rapidly the soap assumes a granular 
appearance, indicating that the addition of same must be 
discontinued. Water should then be added and the mass 
boiled through until it again closes. When the addition 
of the proper amount of caustic soda is nearing its com¬ 
pletion the soap gradually thins. The .steam is nbw cut 
dowyi to about one turn of the valve, and brine is rapidly 
added or salt .shoveled in. In ten to fifteen minutes the 
steam again breaks through and, from the appearance of 
the soap, it can be seen whether* sufficient brine has been 
added, A sample taken out by means of a long wooden 
paddle should show the soap in fine grains with the lyes 
running from it clear. The steam is then shut off and the 
soap allowed to settle from one and one-half to two hours. 
In all .settlings the longer time this operation is permitted 
to eontinue, the better will the subsequent operations 
proceed. 

The mixture now consists of a partly saponified layer 
of fat above the spent lyes. The lyes are drawn off until 
soap makes its appearance at the exit pipe. The valve is 
then closed and the soap blow’n bacl^ into the kettle by 
5 !-am. The lyes thus obtained arc known as sfieni lyes, 
from which the glycerine is recovered. They should show 
an alkalinity of .approximately 0.5 per cent, if the operation 
is carefally carried out 

The remaining tallow is now added and the above oper¬ 
ations repeated. 

After the spent lyes have been drawn off. the soap is 
closed with water and the proper percentage of rosin soap 
previously formed, or rosin itself is added to the mass in 
the kettle More lye is then allowed to flow in Until the 
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mixture is up to “streni;th.” This is usually tested by the 
"bite" on tiic tongue of a small cooled sample. After boil 
ing until the steam conics through, the mass is grained with 
salt as before and allowed to settle one and one-half to 
three hours. These lyes, known as sirengihening lyes 
are run to storage to be used subseiiueutly with fresh fat 
to take up the caustic soda contained therein. 

The soap is now ready for finishing and is first boiled 
through and tried fur strength. A drop of pbcnolphlhalein 
(1 per cent, phcnulphthalcin in 98 per cent, alcohol) is al¬ 
lowed to drop on the molten soap taken up on a trowel. 
The red color should be instantly jjroduccd and dcveluii to 
a full deep erimson in a few seconds, or mure lye must be 
added until this condition is realised. Should it flash a 
deep crimson immedialdy it is on the strong side. This 
cannot be conveniently rciucihed; it can only serve as a 
guide for the next boil, but in any case it is nut of any 
serious consequence, unle.ss it is too strong. 

With the steam on, the soup i.s now examined with a 
trowel which must be ihorougidy heated by working it 
about under the surface of the hot soap. The appearance 
of the soap as it runs from the face of the trowel indicates 
its condition. It is not possible to absolutely describe the 
effect, which can oSly be properly judged by practice, yet 
the folloAving points may serve as a guide. The indications 
to be noticed are the shape and siae of the flakes of soap 
as the sample on the trowel breaks u|i and runs from the 
hot iron surface, when the latter is turned in a vertical 
position, as well as tlie condition of the iron surface from 
which the soap flakctf have fallen A closed .soap will run 
slowly into a homogeneous sheet, leaving the trowel's sur¬ 
face covered with a thin layer of Irmsparcnt soap: a 
grained mass wilt run tapidly down in liny grains, about 
one-half an inch in diameter or less, leaving the hot trowel 
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absolutely dry. The object of the finish is to separate the 
soaps of the lower fatty acids from those of the higher, and 
both from excess of liquid. A point midw.ay between 
"open" and “closed” is required to arrive at this point. 

Having arrived at the above condition, the soap is al¬ 
lowed to settle anywhere from one to three days and then 
run off through the skimmer pipes to the nigre and framed 
or pumped to the tank feeding the drying machine. 

'The stock thus obtained should be fairly white, depend¬ 
ing upon the grade of tallow used and slightly alkaline to 
an alcoholic pbenolphthalein soliltion. If removed at ex¬ 
actly the neutral point or with a content of free fat the 
soap will sooner or later develop rancidity. The soap thus 
obtained is an or<linary (allow base, and the one by far 
grealc.>.t used in the manufacture of toilet soaps. The per¬ 
centage of cocoaiuit oil indicaleil is not fixed and may 
readily be varied, while in fini‘ toilet soap the rosin is 
usually eliminated. 

In the manufacture of full boiled soda soaps in which no 
glycerine is obtained as a by-product, it being retained in 
the soap itself, the soap formed is known as a “run" soap. 
The process is used most e.xtensively in the manufacture 
of marine .soaps by which the method may be best illus¬ 
trated. This soap is known as marine ^oap because of its 
1 roperty of readily forming a lather with salt water and 
IS ni'istly consumed aboard vessels. 

Marine soaps arc manufactured by first placing in the 
kettle # calculated amount of lye of 25 deg. to 35 deg. B., 
depending upon the amount of moisture desired in the fin¬ 
ished soaps, plus a flight excess required to saponify a 
known weight of cocoanut oil. With open steam on, the 
cocoanut oil is then gradually added, care being taken that 
the soap does not froth over. Saponification takes place 
readily and when the oil is entirely saponified the Snished 
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soap is pot through the process known as running. This 
consiiits in constantly pumping the mass from the skimmer 
pipe back into the top of the kettle, the object being to 
prevent any settling of the nigre or lye from the soap, as 
welt as producing a honiogcncons mass. It is customary 
to begin the saponification in the morning, which should be 
completed by noon. The soaii is then run for about three 
hours and framed the next morning. -After having re¬ 
mained in the frame the time required to solidify and cool, 
the soap is slabbed and cut into cakes. This process is 
difficult to carry out properly, and one not greatly' em¬ 
ployed. although large quantities of marine soaii arc pur¬ 
chased by the government for use in the navy and must 
fulfill certain specifications required by the purchasing 
department. 

In making potash soaps it is practically itnpossiblc to ob¬ 
tain any glycerine directly bee..use of tbe pasty consistency 
of tbe soaii. and no e'-.iining is pnssiiile bee.iuse the addi¬ 
tion of salt to a sott s ,ap a- aln.idy expl.iined. would form 
a soda soap Large (luantitics of s. ft .soap- are rei|uircd for 
the textile industriis who desire mostle a strong potash 
soap, and the large number of automobiles in use at the 
present time has opened a field for the tisc of a soft soap 
for washing thcsc.^ A soap tor this purpose must be neu¬ 
tral so as not to affect the varnisli or paint of automobiles 

A suitable soap for textile piirpo-i- ma\ be made as 
follows: 

Red oil . . t*!' parts*’ 

House grease ^ 20 p.irts 

Caustic sodd lye. .Kl dees Ft 3 parts 
Carbonate of potash parts 

Caustic potash .. .. 23',^ parts 

Oliv* oil, corn oil, stgia bean oil, olive oil foots or cot- 
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tonsced oil may replace any of the above oils. A large 
quantity of cottonseed oil will cause the soap to fig. 

To carry out the process, the caustic potash and car¬ 
bonate of potash are dissolved and placed in the kettle 
> together with the soda lye, and the oils added. This is 
most satisfactorily accomplished by being finished the day 
before the boiling is begun. The next day the boiling is 
begun and water added to bring the soap up to the desireii 
percentage of fatly aci<l, due allowance Ireing made for the 
water formed by the condensation of the open steam in 
boiling. Care must be taken that the soap in the kettle 
does not swell and run over during the saponification. 
A good procedure is to use open .steam for a period of 
about two hours, then close the valve and allow the sapon¬ 
ification to continue without boiling, and repeat this until 
it is entirely saponified. After the saponification has been 
completed the soap is briskly boiled all day and the proper 
corrections made: that is, if too alkaline, more oil is added, 
and if free fat is present, more potash. About 2 per cent, 
carbonate of iiotash is the proper amount for a soap con¬ 
taining SO per cent, f.atty acid. The soap is sampled by 
allowing it to drop on a clean, cold glass surface. In so 
doing, the soap should not slide or slip over the glass sur¬ 
face when prc.sscd thereon, hut should adhere to the glass, 
or it is too alkaline. A sample worked between the fingers 
siio'ving too much stringiness should have more strong 
potash and oil added. A sample taken out in a pail and 
allowed to cool over night will serve as a gttide as to the 
body of the soap in the kettle. When the soap has thus 
been properly fini.shea it is run into, barrels. 

For an automobile soap the following is a good working 
formula: 

Coni oil. 1.000parts 

Potash lye, 31 ka degs. B. 697 parts 
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Proceed as in the directions just given for textile soap 
in placing charge in the kettle. When the kettle is boiling 
up tvell, shot off the steam and the saponification will com¬ 
plete itself. The soap may be run into the barrels the 
next day. 

A heavy soap with a smaller percentage of fat may be 
made as follows: 


Corn oil. 1,000 parts 

Potash lyc, 2^'^ degs. B. 900 parts 


Boil until the soap bunches, and shovel the finished soap 
into barrels. Upon standing it will clear up. By the addi¬ 
tion of more water the yield of soap per pound of oil may 
be run up to 300 per cent. 

After soft soaps have been allowed to stand for some 
time the phenomenon known as “figging” often occurs. 
This term is applied to a crystalline-likc formation, caus¬ 
ing spots of a star-like shape throughout the soap. 
This is undonlileilly due to the stearine content of the soap 
crystallizing out as it cools, and forming the.se peculiarly- 
shaped sjiots. It more generally occurs in the winter and 
may be produced artificially by adding a small quantity ot 
soda to the potash lyc before saponification. 

The oils usually employed in the manufacture of potash 
soaps arc cottonscefl oil, corn oil, soya bean oil, olive oil 
foots, red oil, cocoamit oil, grease and the various train 
oils. The u.sual percentage yield is from 225 per cent, to 
300 per cent., based upon the weight of oil used, ffn cal¬ 
culating the weight of a soft soap it is to be remembered 
that since potassium has a higher nkilecular weight (56) 
than sodium (dO), the corresponding .soap formed is that 
much^greater in weight when compared with a sodium 
soap. Xosin may be added to soft soaps as a cheapening 
agent 
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COLD PROCESS. 

The cold process for manufacturing soap is the simplest 
method of soap making, and the equipment required is small 
when compared to the other methods. All the more expensive 
equipment that is necessary is a emteher, a tank to hold the 
lye, frames, a slabber or cutting table, and a press. Yet, 
in spite of the simplicity of thus making soap, the disad¬ 
vantages are numerous for the production of a good piece 
of soap. The greatest difficulty is to obtain a thorough' 
'combination of oil or fat and lye so that there will not be 
an excess of one or the other in the finished soap. At its 
best there is either a considerable excesis of free fat which 
later exhibits itself in producing rancidity or uncombined 
caustic, which produces an unpleasant effect on the skin 
when the .soap is consumed for washing. The latter ob¬ 
jection. of course, can only be applied to toilet soaps. 

Cocoanut oil is used very largely in the manufacture of 
cold-made .soaps as it is svcll adapted for this purpose, al¬ 
though it is by no means true that other oils may not be 
employed. Since by this process of manufacture no im¬ 
purity contained in the fat or oil is removed in the making 
of the soap, it is necessary that in order to obtain a fine 
finished product, any impurity contained in these may be 
removed if present, or that the fats be as pure as can be 
obtained. If inedible tallow is used for cold-made soap, 
it is advisable to bleach it by the Fuller's Earth Process. 

The carrying out of this method is best illustrated by 
an example of a coy-made cocoanut oil soap. 


Charge: 

Cochin cocoanut oil. 846 parts 

Lye (soda), 3S degs. B. 470 parts 

Water . 24 parts 
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The oil is run into the crutcher and the temperature of 
the oil raised to 100 dcRS. F. by dry steam. The lye and 
water are at room temperature. After all the oil is in the 
crutcher, the lye and water are slowly added to prevent 
any graininii; of the soap. Toward the end the lye may be 
added more raiiidly. When all the lye is in, the mass is 
crutched for about three hours, or until upon stopiuni; 
the crutcher a finger drawn over the surface of the soap 
leaves an impression. If this ennditinn is not realized 
the soap must he mixed until such is the ease. Having ar 
rived at this point, the mixture is droiipeci into a frami 
which should remain uncovered. The heat produceil by the 
further spontaneous saprunficatioii will cause the soap to 
rise in the middle of the frame, .\fter having set for some 
days it is ready to be slahhe<l and cut into cakes. 

A potash soap may be made by the cipld process just U' 
readily as a soda soap .‘soaps of tins typi' may he inaile 


by either of‘these f.-.rmuhe in a initcher' 

Olive oil fi.ol'. rtK) 

Potash lye, Ik dogs B hot. 2t) ilegs H eidd fifiO 
or 

Corn oil ... . KOO 

Rosin .*.. . 200 

Potash lye, 27 degs. B. 790 

Water. 340 


Heat the oils to 190 degs. F.,' add the lye and crutch 
until the snap begins to bur.cb, when it is ready to be run 
into barrels where the ‘saponification will be eompleled. 

Semi-boiled soap- iliffer fn.m tlmse made by the cold 
procetis in teiniieralurc. In making semi-hoihd soaps the 
fats are usually lieatid to 140 F, The aihlilimi of the 
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lye raises the temperature to !80°—2(10° F. when saponifi¬ 
cation takes place. 

CAKBONATE SAI'ON I I'lCATlOK. 

The method of the formation of soap hy the utiliration 
of the fatly acid directly, from irliich the glycerine has al¬ 
ready been removed by some method of saponification 
Other than with caustic soda, and neutralizing this with 
'alkali, is becoming increasingly popular. The glycerine is 
more easily recovered from a previous cleavage of the 
fats or oils, but a soap made from the mixed fatty acids 
thus obtained is seldom white in color and retains an un¬ 
pleasant odor. Since soda ash or sodium carbonate is 
cheaper than caustic soda and readily unites with a fatty 
arid, it is used as the alkali in the carbonate saponification. 
The process is similar to that already given under Rosin 
Saponification. About 19 per cent, by weight of the fatty 
acids empioyed of 58 per cent, soda ash is dissolved in 
water until it has a density of 30 degs. B., and the solu¬ 
tion is run into the keltic, wdiich is usually ctitiippcd with a 
removable agitator. The fatty acids, previously melted, are 
then slowly added while the mixture is boiled with open 
steam and agitated with the stirring device. The fatty 
acids instantly unite with the carbe tate and rise in the 
kettle, due to the generation of carbon ilioxitle, and care 
must be exercised to prevent boiling over. After all the 
fatty acid has been added, and the mass is boiled through 
the saponification must be completed with caustic soda, as 
there is as yet no^ practical method known which will 
split a fat entirely into fatty acid and glycerine. Thus 
about 10 per cent, of the fatty acids are true neutral fata 
and require caustic soda for their saponification. This is 
then added and the .soap completed, as in full-hoiled soaps. 

In carrying out this method upon a large sfale, large 
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quantities of carbon dioxide are formed during the boiling 
of the soap, which replaces a quantity of the air contained 
therein. The kettle room should therefore be well venti¬ 
lated, allowing for a large inflow of fresh air from out 
of doors. 



CHAPTER IV 

Classification of Soaps. 

In considering the many dillcrcnt varieties of soaps, 
their classification is purely an arbitrary one. No definite 
plan can be outlined for any particular brand to be manu¬ 
factured nor can any very sharp distinction be drawn be¬ 
tween the many soaps of different properties which are 
designated by various names. It is really a question to 
nhat use a soap is to be put, and at what price it may 
be sohl. There is, of course, a difference in the appear¬ 
ance, form anil color, and then there are soaps of special 
kinds, such as lloating soaps, transparent soaps, liquid 
,soaps, etc,, yet in the uliimato sense tliey arc closely allied, 
because they are all the same chemical compound, 
varying only in their being a 'potash or soda soap, and in 
the fatly acids which enter into combination with these 
alkalis. Thus we can take a combination of tallow 
and cocoanul oil and make a great many presumably dif¬ 
ferent soaps by combining these substances with caustic 
soda, by different methods of manufaclure and by incor¬ 
porating various other ingredients, as air, to form a float¬ 
ing soap, alcohol to make a transparent soap, dyestuffs to 
give a different color, etc., but essentially it is the same 
definite compound. 

The^ianufacturer can best judge the brand of soaps he 
desires to manufacture, and much of his success depends 
upon the name, package, shape, dblor or perfume of a 
cake of soap. It is the consumer whom he must please 
and many of the large selling brands upon the market 
today owe their success to the above mentioned details. 
The great majority of consumers of soap know jraj little 
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coiicerniiiK soap, except the fact that it washes or has a 
pleasant odor or looks prctU-, and the nianufacturer of 
soap must study these phases of the subject even more 
carefully than the making of the soap itself. 

For a matter of convenience we will classify soap under 
three general divisions: 

T. Laundry soaps, including chip soaps, soap powders 
and scouring soaps. 

II. Toilet soaps, including iloating soap, castile soap, 
liquid soap, sharing soap, etc. 

III. Textile soaps. 


L.si'Npay sose 

The most popular household soap is laundry soap. A 
tremendous amount of this soap is roiivuiucd each da> in 
this country, and it is hy far ni;iniif:icturcd in larger (luan- 
tities than any tithcr soap. It is also a soap which nni.st 
he sold cheaper than any other .soap that inters the 
hiane. 

The consumers of laumlry soap have been educated t<i 
use a full boiled settled rosin soap and to make a good 
article at a price this method .shoiihl he earned out. as it is 
the one most advisable to use The coniiiositmn of the fats 
entering into the ,so„ap depeiuls upnti the market price of 
these, and it is not advisable to kee|) to one fortnula in the 
manufacture of laundry soati, hut rather to adjust the 
various fatty ingredients to obtain the desireil results with 
the cheapest material that can he purehased It is»lniiios- 
sible to use a good grade of fats and make a profit upon 
laundry soap at the prite at which it Biust be retailed. tile 
manufacturer of this grade of sr>ap mtist look to the by¬ 
product, glycerine, for his profit and he is fortunate indeed 
if he realizes the entire benefit of this and still produces 
a superior piece of laundry soap. 
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SEMl-BOILED LAUNDRY SOAPS. 

It is advantageous at times to make a laundiy soap by 
a method other than the full boiled settled soap pro¬ 
cedure as previously outlined. This is especially the con¬ 
dition in making a naphtha soap, in which is incorporated 
naphtha, which is very volatile and some of the well known 
manufacturers of this class of soap have adopted this 
process entirely. A laundry soap containing rosin cannot 
lie advantageously made by the cold process, as the soap 
• thus made grains during saponilication and drops a por¬ 
tion of the Ije and tilling materials. By making a semi- 
boiled soap this objection is overcome. The half boiled 
[iroccss differs from the c<dd [trocess by uniting the fats 
.md alkalis at a higher temperature. 

To carry out ibis process the following formulae have 
been found by esperience to gi\e satisfactory results. 


I. lbs. 

Tallow . 100 

Ro.iiii . 60 

Soda Lye. 36“ 11. 80 

II. 

Tallow.•. 100 

Rosin . 60 

Silicate of Soda. 25 

Soda Lye, 36° 11. 85 

III. 

Tallow . * .•. lOO 

Rosin . 100 

Lye. 36° B. 105 

Silicate of Soda . 25 

Sal Soda Solution . 20 
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In any of these formulas the sodium silicate (40* B.) 
may be increased to the same proportion as the 'fats used. 
By so doing, however, twenty pounds of 36“ B. lyc must 
he added for every hundred pounds of silicate additional 
to that indicated or in other words, for every pound of 
silicate added 20 per cent, by weight of 36° B, lye must 
be put into the miature. I he rosin may also be replaced 
by a previously made rosin soap. 

To make a semhboiled soap, using any of the abovd 
formulae, 6rst melt the rosin with all or part of the fat,, 
as rosin when melted alone readily decompo.sos. When 
the mixture is at 150“ V. run it into the crutcher and add 
the lye. Turn on sulTicicnt dry steam to keep the tempera¬ 
ture of the soap at about 150“ F, in the winter or 130“ F, 
in summer. After the mass has been mixed for half an 
,'hour, by continuously rrutching the soap it will at first 
, thicken, then grain and it may again become thick before 
it becomes smooth. When the mass is perfectly smooth 
and homogeneous drop into a frame and crutch in the 
frame by hand to prevent streaking. ,\fier .standing the 
required length of time the soap is finished inio cakes as 
usual. 

.SEmi'Il KOSIN SO.Vl’. 

Settled rosin soaps ore made from tallow, grea.se, cotton¬ 
seed oil, bleached palm oils of the lower grades, corn oil, 
soya bean oil, arachis oil, distilled garbage grease, cotton 
seed foots or fatty acids together with an addition of rosin, 
varying from 24 per cent, to 60 per rent, of the fatt/acids 
which should titer from 28 to 35. A titer lower than 28 
will prevent the finisheA kettle of soa^ from being capable 
of later taking up the filling materials. As has already 
been staled under hardened oils, these being very much 
higher in titer allow a greater percentage of rosin to be 
added. Thus hardened fish oils and cottonseed oil are 
SO 



CI.ASSIFICAf^^^^:?^SI SOAPS 

graduallj^ being more cxtaMwdy^^J)Ioyed in soaps of tilis 
character. - 

TIjc procedure of hand!ia|' the It^Ie is similar to that 
given under full boiled soap. The stock is steamed out 
into a settling tank and allowed to settle over night, after 
which it is pumped into the soap kettle. Having stocked the 
kettle, open steam is turned on and 10*-‘12' B. lye is run in, 
wliilc using a steam pressure of ninety to one hundred 
pdnnds in order to prevent too great a quantity of conden¬ 
sation of the steam, the waler thus being formed wealom^ 
ing the lye. If a steam pressure of fifty to si^y uonntwBj 
available, a stronger lye (20° B.) should be'added. Car? 
must be taken not to allow the lye to How in too rapidly 
or the soap will not grain. The saponification is only at¬ 
tained by prolonged boiling with sufficient lye of proper 
strength. When saponifirati<in has taken place, the mass 
begins to clear and a sani]ile taken out with a paddle and 
cooled should show a slight pink with a 1 per cent, alcoholic 
phenolphthalein solution. 

It may be stated here that in using this indicator or any 
other to lest the alkalinity of soap, the soap should always 
be cooled and firm, as whenever water is present, the disso¬ 
ciation of the soap thereby will always react alkaline. When 
this state is reached the mass is readytfor graining, which 
is accomplished by distributing salt brine or pickle oi 
spreading dry salt over the surface of the soap. The 
kettle is then thoroughly boiled until the mass shows a 
soft curd and the lye drops clearly from a sample taken 
out with a trowel or^paddle. The steam is then shut oil 
and the soap allowed to settle over night. The lyes art 
then run off to the spent lye tank for glycerine recovery 
In saponifying a freshly stocked kettle it is apt to bunch 
To prevent this salt is added at various times to ap 
proximately^one per cent, of the fat used. 


51 



S()AP-MAKI\'G MANUAL 


If, by any possibility the soap has bunched, this condition 
may be remedied by the addition of more strong lye and 
boiling until it is taken up. To work a kettle to its full 
capacity it is advisable to make two "killing” changes. 
First add about 75 per cent, of tlie fat and grain as directed. • 
Rim off the spent lyes and then add the remainder of the 
stock and repeat the prcec.s.s. When the spent lye lias been 
run to storage, the open steam is again 'turned on and 
18* B lye gradually allowed to run in. The ro.sin is now 
broktMi up and put into the kettle, nr a previously made 

K in soap is pumped in. 

.ye is then added until the soap ha.^ a sharp taste aftei 
about three lumrs of (.Miifinous boiling, or uben the soap 
is in the elo.scd state. More lye should then be run into 
the kettle to grain the soap well, the grain noi being ton 
small. Tficti allow the sr»ap to settle over night and draw 
off the strengthening lye. I he ncxi day again !x»il up 
the kcftlc and add water until the snap thins out and rises 
or swells high in the kettle. A sample taken out at this 
stage up*'ll a hot trowel should nin off in large flake.% 
The surface of liie soap should be bright and shiny. 

If the sample clings to the trowel, a slight ad'lition of 
lye will remedy this defect The kettle is tlicn allnwed to 
rest, to drop the niji^e and to vo"l (or some lime, depending 
upon the si/,e of the kettle. 'I he proper lcmi»erat«rc is 
such that after having been piiinj>ed t" the cruteher and the 
filling rnatiriaN having been added, a thermometer placed 
into the mass .should in<Iicaie 128”-135* F. after the c'Viitcher 
has run from ten to fifteen minutes. The filling inatcriat 
may coli^i.M nt from.“ 9 per cent, nf .s'd soda solution,! 
36*-37* B. warm or ji^t enough to close up the soap and 
make it rise high in the render nf a screw' cruteher and 
make it cling close in a warm trowel. Other fillers such 
as outlined below are added at this point. 
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An addition of from 2-3 per cent, of a special mineral oil 
for this piirpt»sc will impart a finish to the soap and 3-5 
per cent, .starch added prevents the soap from cracking in 
the frames. Other filling material as silicate of soda, borax, 
‘lalc or silex arc used. After the tilling material has been 
thoroughly cnitchcd through the soap it is framed, and, 
after being several days in the frame to solidify and cool 
the. soap is ready for slabbing. prcs.sing and wrapping. 

In order to more definitely illustrate the composition of 
the mixture of fat.s and f»ils entering into the of 

a laundry soap a typical fonmila may be pivCTWor tmeh 


a .‘5oap containing 40 per cent, rofin added to the amount 
of fats used: 

lbs. 

Grease .7,000 

Tallow.4,000 

Corn Oil.7,000 

Cottonseed Oil. 3.000 

Rn.sin. 8,400 

The follnutng Iia\e been f»uind to be satisfactory filling 
niatcrials and arc calculated upon the basis of a 1.400-pound 
frame of soap. 

I. lbs. 

Sodium Silicate. SSMO" 1*. 100 

Mineral Oil . 25 

S^fi Sitda Sulutioii, 30" i>. 80 

flora X .:. 1 

II. 

Sal Soda S<»lutiun, 36“ B... 80 

Mineral Oil . 25 

Sodium Silicate . 60 
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III. 

Soda Ash . 10 

Sal Soda . 55 

Sodium Silicalf. 115 

Mineral Oil . 4(1 

Brine (Saturated .Soliilion). 10 

IV. 

Sodium Silicate . 100 

Silex or Talc . 200 

Soda Ash . .W 

V. 

Sal Soda Sohuton, 3ti" H. 90 

Sodium Silicate..50-00 

Mineral Oil . 25 

Borax Soliitii.n, 2.’” B. (luit). 15 


tiur sii.M' 

Chip soap is u.sed extensively in laiindrie.'. lint is alsu ' 
used largely in other branche-.. It may be made either 
as a settled soap or by the cold made prorcs.s. 

To make a full boiled seOled cbip soap, proceed as 
directed under settled laundry soaii. T he kettle is stocked 
with light grease or a misturc <if grease with corn oil nr 
other cheap oils. I^or ibis kind of soap the rosin is elim¬ 
inated. 

Chip soap may be filled as well a.s laundry soap. This 
is done in the crutcher and the follou ing adulteraCons are 
suitable. ,, 


Settled Soap •. 700 

Soda Ash . 35 

Sodium Silicate. 215 

or 

Settled Soap . 700 • 
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Silicate of Soda. S60 

Soda Ash . 18 

Carbonate of Potash, 26° It. 50 


The cheapest method of drying is by running this soap 
through a drying machine and this is the procedure usually 
carried out for making dried chip soap. 

COLD MADE CHIP SOAPS. 

To make chip soaps by the cold process a sweet tallow of 
Igw percentage of free fatty acid should be employed. The 
tallow is heated to 120° to 135° F. and the lye run in 
slowly at first and then the silicate of soda is added. The 
mass is then mixed until a finger drawn through the 
soap leaves a slight impression, then dropped into frames 
or barrels. Soaps containing a small percentage of fat 
should he well covered in the frame for twenty-four hours 
to retain their heat and insure proper saponification. The 
ndlowing formulae are suitable: 


I. lbs. 

Tallow .1,200 

Soda Lye, 35° H. 8.50 

Sodium Silicate . 750 

n. . 

Tallow . 475 

Ceylon Cocoanut Oil. 100 

Sfda Lye, 37° B. 325 

Potash Lye, 37° R. 56 

• 111 . 

Tallow ..*.. 500 

Soda Lye, 37'/s° B. 297 

Sodium Silicate. 416 

Potash Lye, 3754° H.37k4 
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IV. 


Tallow . 


. 4S0 

Soda Lye, 375^” B. 


. 255 

Sodium Silicate .... 


. 450 

Potash Lye, 37%° B 

V. 

. 50 

Tallow . 


. 450 

Soda Lye, 35° H. . 


. 470 

Sodium Silicate ... 

VI. 

. 650 

Tallow . 


. 420 

Sodium Silicate 


. 600 

Soda l.ye, 37;j° li. 


. 270 


I NTII.I.KU rilll’ HUP. 

A very h'm» 1 grade oi eliip soap is made by employing 
no fillinR material \\halMK‘\cr, but unt\»ruinaU’ly the price 
of this soap ha> been cut to siidi an extent that these can 
not cunipele with a tilled cbijj. A number of the best snaps 
of ibjs kind are nunle fn.ni a settled M.ap using a light 
grease with corn oil A snap <if tlii.s nature is made 


follows. 

Ihs. 

Settled Soap . 800 

Sal Soda Solution, 3b’-37'’ B. 252 

Soda Ash . 1?2 


If ihi« soap is run into frames it may be stripped and 
chipped in tw'o days. 

SOAP POWDERS. 

Soap powders luive,^become so great a convenience 
as a g'^ncral cleansing agent that to eliminate them 
from the household necessities would mean much un- 
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necessary energy and work to the great number of 
consumers of this product. They may be manufactured so 
cheaply and still be efficient, that their use has almost 
become universal for cleansing and scouring purposes. 
The uses to which soap and scouring powders are adapted 
are too well known to enter into a description of their 
employment. Since Utey offer a greater profit to the man¬ 
ufacturer than ordinary household soap, many brands are 
extensively advertised. 

• Numerous combinations for soap powders might be cited 
and it is a simple matter to vary the ingredients as to 
fat content and manufacture a powder of this sort as low 
as a cent a pound. Many substances are incorporated with 
soap, such as salt, soda ash, tripoli, crushed volcanic de¬ 
posits, ground feldspar, infusorial earth of Various kinds, 
silex, etc. In addition to these various fillers, compounds 
with true cleansing and bleaching properties, in addition to 
soap, are added, such as the salts of ammonium (sal am¬ 
moniac, carbonate of ammonia), sodium perborate and 
tlic peroxides of. various metals. The public, however, 
have been accustomed to receive a large package of 
soap or .scouring powder for a small amount of money 
and it is a difficult matter for the manufacturer to add 
more expen.sivc substances of this naljre to his product, 
to increase its efficiency, without raising the price or 
decreasing the size of the package. 

In manufacturing soap powders, the dried soap chips 
might be mixed with the filler and alkali and then 
pulverized. This mgthod is not extensively employed 
nevertheless. The process which is^he most economical 
is one whereby the ingredients are mixed in a spe¬ 
cially adapted mixer for heavy material until dry and 
tl^ nm ^rectly to the crusher and pulverizer, after 
'It it .asttomatically packed, sealed and boxed. 
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Anotlbr method of procedure is to run out the mix¬ 
ture from the crutcher to the frames, which arc stripped 
before the soap cools, and is cut up at once, for if it 
hardens it could not be cut with wires. It is better, how¬ 
ever, to run the mixture into sheets upon a specially con¬ 
structed floor and break up the mass when cool. 

Formulae for stiap powders which have been found 
to be suitable for running dry in the mixer follow; 


1 

Soda ash. 58 per ceiil. 42 lbs. 

Silica . 220 “ 

Settled soap (usually cottonseed). 25 " 

Salt. 10 “ 

II 

Soap (settled cottonseed i. 40 lbs. 

Soda ash, 58 per cent. 60 “ 

III 

Settled soaj). 100 lbs. 

Soda ash, 58 per cent. 400 “ 


Fillers in varying proportions may replace the soda 
ish in the above formulae. It is of course understood 
[hat the soap has been previously made and run as 
molten soap into the crutcher. 

The following soap powders will not dry up in the 
:rutchcr upon running, but arc of the class which may 
)C framed or run on the floor to .solidify; 


1 

Soap . 850 lbs. 

Filler . 400 “ 

Sal soda solution, 20 degs. B. 170 “ 

i 
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II 

Soap . 

Filler . 550 “ 

Sal soda solution, 20 degs. I! - 340 " 

in 

Soap . 80 lbs. 

Filler . 550 “ 

Sal soda solution. 170 " 

IV 

Soap (settled tallow). 800 lbs. 

Filler . 400 " 

Sal soda solution. 170 “ 

Water . 100 “ 

V 

First saponify 100 parts house grease and 100 parts 
ordinary grease and make a run soap. Then use in 
crutclier either: 

Soap . 400 lbs. 

Filler . 575 “ 

Hot water . 60 “ 

or 

Soap .•.. 200 lbs. 

Hot water . 200 “ 

Filler . 625 “ 

It would be a simple matter to write numerous addi¬ 
tional formulae, but the above arc typical. The manu¬ 
facturer must judge lor himself just what filling 
material to use. The filler indidhted in the above 
formulae is therefore left open. A few formulae for 
more expensive powders than those given recently ap¬ 
peared among others in tlie “Seifensieder Zeitung”*: 

•Seifensieder Ztg., «, 47, 1266 (1913). 
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I 


Powdered soap . 90 lbs. 

Sodium perborate . 10 “ 


The perborate should be added when the powder is 
perfectly dry or it loses its bleaching properties. 

n 

Soap powder, 20 per cent. fat. 


Cocoanut oil fatty acids. 25 lbs. 

Olein . 25 “ 

Bone fat. 70 “ 

Soda lye, 30 degs. H. 90 " 

Water. 150 " 

Ammonium carbonaie . 125 “ 

III 

Soap powder, 10 per cent. fat. 

Cocoanut oil fatty acid.s. 20 lbs. 

Olein . 10 “ 

Bone fat. 20 " 

Soda lye. 30 degs, B. 30 “ 

Water . 175 “ 

.Ammonium carbonate. 175 " 


I.IOIIT OR 1I,i;kKV I'OWUKRS 

Light or fluffy powders containing .'iS-45/fi mui.stui'e can 
be made in two ways. The first method requiring a min¬ 
imum equipment is to mi.\ the powder and sal soda in a 
mi.\er. allow it lo stand in frames for a week to rrjstallize 
or .sjiread it on the door for a few bouts to dry and then 
grinding it. ^ , 

The continuous mtihod fini.-.hcs the. powder in a few min¬ 
utes and with a minimum amount of labor. By this 
process the various ingredients, soap, soda ash solution, etc., 
are measured, run by gravity into the mixer, mixed and the 
molte^ mass run over the crys(gllizer or chilling rolls thru 
<0 
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which either cold water or brine is pumped. From the roll 
the powder is scraped oft clean ab y knife, passes to a 
screen which sends the tailings to a grinder, falls into a 
storage bin from whence it is weighed and packed by an 
'automatic weighing machine into cartons made up in most 
cases by another machine. Due to the large percentage of 
moisture contained in these soap powders the carton is 
generally wrapped in wax paper to aid in the prevention of 
the escape of moisture. 

■ ScouwNo Powders. 

• Scouring powders are very similar to soap powders and 
differ only in the filler used. We have already considered 
these fillers under scouring soap, from which they do not 
differ materially. They are usually insoluble in water to 
aid in scouring. The mixer used for substances of this 
kind in incorporating the soap atid alkali must be of 
strong construction. 


SCOUKING SOAP. 

Scouring soaps resemble soap powders very closely 
in their composition, in that they are a combination of 
soap and filling material. Since more lather is required 
from a scouring soap than in soap powders, a cocoa- 
nut oil soap is generally used. The.usnal filling ma¬ 
terial used is silex. The greatest difficulty in the manu¬ 
facture of scouring soap is the cracking of the finished 
cake. This is usually due to the incorporation of too 
great ®n amount of filler, or too high a percentage of 
moisture. 

In manufacturing *these soaps the cocoanut oil is 
saponified in the crutcher with 38 degs. B. lye, or 
previously saponified as a run soap, as already de¬ 
scribed under "Marine Soaps.” To twenty-five parts 
of soap are added a percentage of 38 degs. B. sal soda 
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or soda ash solution, together with a small quantity of 
salt brine. To this mixture in the crutcher seventy-five 
parts of silex are then added, and a suflicieiit amount of 
hot water to make the mass How readily, (iare must 
be exercised to not add too great a quantity of water i 
or the mass will crack when it cools. The mass is 
then framed and cut before it sets, or poured into 
molds and allowed to set. While silex is the most 
extensively used filler for scouring soaps, it is feasible 
to incorporate other substances of like character, al¬ 
though it is to be remembered that the consumer is accus¬ 
tomed to a white cake, such as silex produces. Any 
other material used to replace silex should also be as 
tine as this product. 


FLOATING SOAP. 

Floating soap occupies a position midway between laun¬ 
dry and toilet soap. Since it is not highly perfumed and 
a large piece of soap may be purch.ased fur small cost, as 
is the case with launilry soap, it is readily adaptable to 
general household use. Floating soap differs from ordinary 
soap in having air crutched into it which causes the soap 
to float in water. This is often advantageous. es|>ecially 
as a bath soap, anjl undoubtedly the largest selling brand 
of soap on the American market today is a floating soap. 

In the manufacture of floating soap a high proportion of 
cocoanut oil is necessary. A most suitable composition is 
one part cocoanut oil to one part of tallow. Thij is an 
expensive slock for the highest grade of sogp and is usually 
cheapened by the use* of cottonseed (5r various other liquid 
oils. Thus it is possible to obtain a floating soap from a 
kettle stocked with .10 per cent, cocoanut oil, IS per cent, 
cottonseed oil and 55 per cent, tallow. With this quality 
of soap, however, there is a possibility of sweating and 
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rancidity, and of the soap being loo soft and being poor 
in color. 

The process of manufacture is to boil the soap in an or¬ 
dinary .soap keltic, after which air is worked into the hot 
soap by a specially constructed crutclicr, after which the 
soap is framed, slabbed, cut into cakes and pressed. 

Concerning the boiling of the soap, the saponification 
must be carefully carried out, as the high proportion of 
cocoaiint oil may cause a violent reaction in the kettle caus- 
ijig it to boil over. 

The method of procedure is the same as for a settled 
soap up to the finisliing. When the mass is finally settled 
after the rniish, the soap should be more on the “open” side, 
and the object should be to get as long a piece of goods 
as possible. 

Due to its high melting point, a much harder crust 
forms on the surface of a flotiting soap and in a greater 
proportion th.an on a .settled .soap during the settling. In a 
large kettle, in fact, it li.-is been foun<l impossible to brctik 
through this crust by the ordinary procedure to admit t'le 
skimmer pipe. Much of the success of the subsequent opera¬ 
tions depends upon the completeness of the settling, and in 
order to overcome the diiriculties occasioned by the forma¬ 
tion of the crust everything po.ssible should be done in the 
way of covering the kettle completely to enable this period 
of setllhig to continue as long as possible. 

When the soap is finished it is run into a siiecially con¬ 
struct^ U-shape crutcher, a Strunz crutcher is best adapt¬ 
ed to this purpose, although a rapidly revolving upright 
screw crutcher has been found to give satisfaction upon a 
smaller scale, and a sufficient quantity of air beaten into 
the soap to make it light enough to float. Care mu.st be 
taken not to run the crutcher too rapidly or the soap will 
be entirely too fobby. During this operation the mass of 
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soap increases in balk, and after it has been established 
bow mneb air must be put into the soap to satisfy the re¬ 
quirements, this increase in bulk is a criterion to estimate 
when this process is completed. 

It is of course understood that the longer the crutching ' 
continues the greater quantity of air is incorporated and the 
increase of volume must be established for a particular 
composition hy sampling, cooling the sample rapidly and 
seeing if it floats in water. If the beating is continued too 
long an interval of time, the finished soap is too spongy 
and useless. 

The temperature of the mass daring crutching is most 
'important. This must never exceed 1S8 degrees F. At 
' 159 degrees F. the operation is not very successful, yet 
■ the thermometer may indicate 140 degrees F. without inter¬ 
fering with this operation. If, however, the temperature 
drops too low, trouble is liable to be met with, by the soap 
solidifying too quickly in the frames. 

When the crutching is completed, the soap is allowed 
to drop into frames through the valve at the bottom of the 
Crutcher and rapidly crutched by the hand in the frames 
to prevent large air spaces and then allowed to cool. It 
is an improvement to jolt the frames as they aft drawn 
away as this tends'to make the larger air bubbles float to 
the surface and thus reduce the quantity of waste. When 
the soap has cooled, the frame is stripped and the soap 
slabbed as usual, At this point a layer of considerable 
depth of spongy soap will be found to have formetf. This 
of course must he cut away and rpturned to the kettle. 
The last few slabs ire also often rejected, inasmuch as 
the weight of the soap alMJve them has forced out so much 
of the air that the soap no longer floats. As a fair average 
it may be estimated that not more than .50 to 60 per cent, 
of the soap in the kettle will c<^e out as finished cakes. 
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the remaining 40 to 50 per cent, being constituted by the 
heavy crust in the kettle, the spongy tops, the botton slabs 
and scrapings. This soap is of course reboiled and con¬ 
sequently not lost, but the actual cakes obtained are pro 
I duced at a cost of practically double labor. 

It is advisable to add a small quantity of soap blue color 
to the mass while crutching to neulralize the yellowish 
tint a floating soap is liable to have. 

Some manufacturers add a percentage of carbonate of 
soda, about 3 per cent, to prevent the soap from shrinking. 
Floating soap may also be loaded with sodium silicate to 
the extent of about 5 per cent 

TOILET .SOAP. 

It is not a simple matter to differentiate between toilet 
soaps and various other soaps, because numerous soaps are 
adaptable to toilet purposes. While some soaps of tliis 
variety are manufactured by the cold made or semi-boiled 
process, and not milled, tlie con.sumer has become accus¬ 
tomed to a milled soap for general toilet use. 

The toilet base most extensively employed is a tallow 
and cocoanut base made as a full boiled .settled soap. The 
manufacture of this base has already been outlined and 
'eally needs no further comment except that it is to be 
remembered that a suitable toilet soap should contain no 
great excess of free alkali which is injurious to the skin 
Cochin cocoanut oil is preferable to the Ceylon cocoanut 
oil or'palm kernel oil, to use in conjunction with the tal¬ 
low, which should be a good grade and color if a white 
piece of goods is desired. The percflitage of cocoanut oil 
may be anywhere from 10 to 25 per cent., depending upon 
the kind of lather required, it being remembered that co¬ 
coanut oil increases the lathering power of the soap. 

In addition to a tallow base, numeruiis other oils arc 
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used in the manufacture of toilet soaps, especially palm 
oil, palm kernel oil, olive oil and olive oil foots, and to a 
much less extent arachis or peanut oil, sesame oil and 
poppy seed oil, oils of the class of cottonseed, corn and 
soya beau oils are not adapted to manufacturing a milled < 
soap, as they form yellow spots in a finished cake of soap 
which has been kept a short lime. 

Palm oil. especially the T.agos oil, is much le-ed in mak¬ 
ing a iialm base. As bas already been stated, the oil is 
bleached before saixniification. A palm base has a yel; 
lowish color, a .sweetish odor, ;ind a small iitianlity added 
to a tallow base naturally aids the perfume. It is esiiecially 
good for a violet soap. The peculiarity of a jialm oil base 
is that this oil makes a short soap. By the addition of 
sonic tallow or twenty to twenty-live per cent, of cocoanut 
oil, or both, this objection is overcome. It is a good plan 
in using a straight palm base to add a iiroportion of yellow 
color to hold the yellowish tint of this soa|i, as a soap made 
from this oil continues bleaching ujion exposure to air and 
light. 

Olive oil and olive oil foots are used most extensively 
in the manufacture of caslilc soaiis. The iwcnliarity of an 
olive oil soaii is that it makes a very slimy lather, and like 
palm oil gives ihctsoaii a characteristic odor. An olive 
oil soap is usually considered to be a very neutral soap 
and may readily be suiierfatled. Much olive oil soap is 
used in bars or stabs as an iminilled snap and it is often 
made by the cedd process. Peanut oil or sestimc ani1*popliy 
seed oil often re))laces olive oil, as they form a similar 
.soap to olive oil. 

In the manufacture of a toilet soap it is hardly practical 
to lay down a definih’ plan for the various liases to be 
made. From the combination of tallow, palm oil, cocoanut 
oil, palm kernel oil, olive oil and olive oil foots, a great 
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many bases of different proportions might be given. The 
sini|)le.st method is to make a tallow base, a palm base and 
an olive oil base. Then from these it is an easy matter 
to weigh out any proportion of these soap bases and ob¬ 
tain the proper mixture in the mill. If, however, as is 
often the case, a large quantity of soap base of certain pro¬ 
portions of the.se, four or even more of these fats and oils 
is required, it is not only more economical to stock the 
kettle with the correct proiiortion of these oils, but a more 
thorough mixture is thus obtained *'y saponifying these in 
the kettle. In view of the fart that it is really a question 
for the manufacturer to decide for himself what combina¬ 
tion of oils he desires for a particular so.ap we will simply 
outline a few typical toilet soap bases in their simplest 
combination. It is understood that these soaps are suitable 
for milled soaps and are to be made as fully boiled settled 
soaps. Palm kernel oil may be substituted for cocoanut 
oil in all cases. 

TAU,OW BASE. 


Tallow. 75-90 parts 

Cocoanut oil . 25-10 parts 

PALM BASE. 

Bleached Lagos palm oil..*75-80 parts 

Cocoanut oil . 25-20 parts 

or 

Tallow . .30 parts 

Palm oil . 60 parts 

Cocoanut oil ..«. 10 parts 

OLIVE OIL BASE (WHITE). 

Olive oil . 75-90 parts 

Cocoanut oil . 25-10 parts 

or 
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Olive oil. 40 parts 

Tallow . 40 parts 

Cocoanut . 20 parts 

Where a green olive oil base is desired, olive oil foots 


are substituted for the olive oil. Peanut oil may replace 
the olive oil or part of it, the same being true of sesame 
oil and poppy seed oil. 

PALM AND OLIVE 

BASE. 


Palm oil. 

Olive oil. 

Cocoanut oil . 


so parts 

30 parts 

20 parts 

or 

Palm oil. 

Olive oil. 

Tallow . 

Cocoanut oil . 


20 parts 

10 parts 

50 parts 

20 parts 


CHEAPER TOILET SOAPS. 

It is often necessary to manufacture a cheaper grade of 
soap for toilet purposes to meet the demand of a certain 
class of trade as well as for export. To accomplish this 
it is of course necessary to produce a very inferior product 
and run down tho percentage of fatty acids contained in 
the soaps by the addition of fdlers or to use cheaper oils in 
manufacturing. The most simple method of filling a soap 
is to load it at the mill with some substance much less ex- 
pensive than the soap itself. Many of the cheapef toilet 
soaps, however, are not milled and it is, therefore, neces¬ 
sary to follow out senne other procedure. 

Milled soaps, as has just been stated, are loaded at the 
mill. The consumers of cheaper toilet soaps in this 
country are accustomed to a milled soap and this grade 
of soap for home consumption is very often filled with 
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numerous substances, but most generally by adding starch 
and talc. The addition of such materials of course later 
exhibit themselves by imparting to the cake of soap a 
dead appearance. Talc is more readily detected in the 
soap than starch by washing with it, as talc is insoluble and 
imparts a roughness to the soap, like sand or pumice, as 
the soap wears down. It may readily be added to 20 per 
cent, by weight. Starch is to be preferred to talc, in load¬ 
ing a soap, as it is not so readily noticeable in washing. It 
leaves the cake itself absolutely smooth although the lather 
formed is more shiny. This substance may be employed to 
as high a percentage as one-third the weight of the soap. 
It is, of course, possible to cheapen the best soap base by 
this method and the price may be further lowered by using 
the less expensive oils and fats to make the soap base. 

BUK AND CLUED UP SOAPS. 

A very cheap grade of soap may be made by making a 
run soap and adding the filler e. g. sodium silicate in the 
kettle during saponification. The percentage of fatty acids 
may be brought down to 10 per cent, although of course 
a soap of this type shrinks a whole lot upon exposure. 

In making a “glued up” soap the procedure is the same 
for making the soap itself as with a fettled soap, except 
that the soap is finished “curd” and later filled in the 
Crutcher. The percentage of fatty acids in a soap of this 
type g seldom below SO per cent 

The method of “gluing up” a soap is best illustrated by a 
typical soap of this character in which the kettle is charged 
with the following stock. * 

Bleached palm oil . 5 parts 

Distilled grease .2 “ 

Cotton oil foots stock, (ii% fatty acid. I " 

Rosin .4 “ 
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The palm oil is first run into the kettle, saponified and 
washed to extract any glycerine, then the rest of the fats 
and finally the rosin. The soap is then finished and settled 
as with a lioiled settled soap. To assure .success it is 
absolutely necessary that the soap settle as long a period 
as possible, or until the temperature is about 150 degs. P. 
The ideal temperature for carrying out the “gluing up" 
process is 140 degs. F., as at a lower temperature than 
this the soap is liable to cool too quickly and not be 
thoroughly glued up. A higher temperature than ISO degs. 
F. causes delay in that the soap does not properly take the 
filler at a higher temperature and the soap must be kept in 
the crutcher until the temperature drops to the right point. 

The soap is run into the crutcher and the percentage of 
fatty acids run down to 50-55 per cent, with one of the 


following mixtures; 

Sodium silicate, 11. 1 part 

Potassium carbonate, 51“ B.1 “ 

or 

Sodium silicate, S9’/j° B.1 part 

Potassium carbonate, 51° B.1 “ 

Sodium sulfate, 28° 1!. 1 

From 230 to 300 pounds of either of these mixtures are 


required for a crutcher holding 2,fi00 pounds of soap. 

The crulching is continued until the mass is well "spiked," 
that is to say, a freshly broken surface of the ijpap, as 
the crutcher blade is jerked away, stands up like shattereil 
sheets in triangular form (A A 4), which retain their 
shape perfectly. When thi^ condition is realised the soap 
is run into frames which arc carefully crutched by hand 
to remove any air spaces. The surface of the soap is then 
smoothed down and heaped up in the center. After stand 
ing a day to contract, the surfat^ is again leveled and a 
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snuKly-nttiiig board placed on the top of the soap upon 
which a weight is placed or upon which the workman 
treads and stamps until the surface is fiat, thus assuring 
the further removal of air spaces. The soap remains in 
'the frame from six to eight days and is then slabbed, 
barred and pressed by the usual method employed for 
soaps thus handled without milling. 

In a soap of this nature no hard and fast rule can be 
laid down as to the quantity of solution to be used for 
"gluing up” or the strength of the solution. In a soap of 
the type described the most satisfactory appearing cake 
will be obtained from a soap containing .S8 per cent, fatty 
acids. That is to say, about 8 per cent, to 10 per cent, filling 
solution is added per hundred pounds of soap. The filling 
solutions given are very satisfactory. Carbonate of soda 
should be avoided in connection with sodium silicate as the 
property of efflorescing on the surface of the finished cake 
after a short time will prove detrimental. To assure suc¬ 
cessful gluing up it is advisable to experiment upon a 
small scale to determine the exact extent to which the 
filling solution .should be diluted. Various proportions of 
water are added to a certain quantity of the filled soap. 
.After the soap has been filled in a small receptacle a 
.•’’iiple is taken and rubbed between tlib fingers. If the 
freshly exposed surface is smooth and glossy, the filling 
.solution is weak enough, if rough it is too strong. It is 
of course understood that the temperature must be correct, 
140 degs. to ISO degs. F., or the sotip will be rough. By this 
means the operator cap readily judge the correct strength 
of his filling solution. AVhen prtiperly carried out a per¬ 
fectly satisfactory soap is obtained. 

CUSD SOAP. 

The object of a soap which is finished "curd” or grained, 
is to obtain a harder piece of goods from low titer fat or 
n 
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to iocrease the percentage of fatty adds in the finished 
soap. This is still another method of producing a cheap 
grade of soap as by its adoption the cheaper oils and fats 
may be used to obtain a firm piece of soap. 

A typical charge for curd soap is: 

Red oil . 63 parts 

Tallow . 10 " 

Rosin . 27 “ 

Cotton seed foots may be employed in place of red pil 
and a tallow of too high titer is not suitable for this kind 
of soap. 

The red oil and tallow are first saponified with IS degs. 
B. lye, boiler pressure 80-90 pounds, 18 degs. B. lye for 
lower steam pressure, and two washings given to extract 
the glycerine. The rosin is added at the strengthening 
change and at the finish the soap is "pitched," that is to 
say, the soap is settled over night only. The next day the 
lyes are drawn off and a portion of the nigre pumped to 
another kettle which prevents later streaking of the soap. 
The soap is then boiled with 18 degs. B. lye as with 
mother strengthening change under closed steam. Salt 
brine or “pickle," 15 degs. B. is then added and the mass 
boiled with elosAf steam until the brine reaches a density 
of 18 degs. B. and the kettle pumped the next day. A 
soap of this type requires cither hand or power crutching 
to assure homogeneity and prevention of streaks. To ob¬ 
viate any air spaces it is advisable to place ovei'the top 
of the frame a tightly-tilted bjard which is heavily 
weighted down. This soap is also pressed without any 
milling. 

COLD MADE TOILET SOAPS. 

Comparatively little toilet soap is made ^y the cold or 
semi-j^iled processes. White.! .these are the simplest 
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methods of manufacturing soaps the drawbacks of using 
them are numerous and only in a few cases are they very 
extensively employed. To make a toilet soap by the cold 
process a combination of good grade tallow and cocoanut 
oil is required. It re(iuires SO per cent, by weight of 36 
degs. B. lye to saponify a given weight of tallow and 50 
per cent, of 38 degs. B. lye for cocoanut oil. The lyes 
are. used full strength or may be reduced slightly with 
water and the method of procedure is the same as already 
given in the general directions for cold made soaps. 

Cold made soaps are rcaelily filled with sodium silicate 
which is added at the same time the stock is put into the 
Crutcher. In adiling the .silicate it is necessary to add 
additional lye to that required for saponifying the fats, 
about 20 per cent, of 36 degs, B. lye is the proper amount. 
There is of course a certain amount of shrinking due to 
the addition of this filler and the finished cake is exceed¬ 
ingly hard, yet the author has .seen a good looking cake of 
cheap soap made from as high a proportion as 420 parts 
of tallow to 600 parts of silicate. 

Cold made soaps are usually pressed without milling, 
although it is readily feasible to mill a cold made soap 
provided it is not a filled soap such as has just been 
described 


mroMiNC AND romaiNC roiifT soaps. 

Equally important as the soap itself or even to a greater 
extent is the perfume of a toilet soap. A prominent manu¬ 
facturer recently madp the statement, which is often the 
truth, that it makes no difference to the public what kind 
of soap you give them, as long as you put plenty of odor 
into it. The perfuming of soaps is an art in itself and a 
subject to be treated by one versed in this particular 
branch. We can only take into account the importance of 
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the perfume as related to toilet soap not only, but the ne¬ 
cessity of adding a certain proportion of the cheaper 
products of odoriferous nature to laundry soap to cover 
and disguise the odor of even this type of soap. 

The price of a cake of toilet soap to a great extent de¬ 
pends upon the perfume, and the manufacturer should aim 
to give the best possible perfume for a certain price. He 
should not allow his personal likes or dislikes to enter into 
the judgment of whether an odor is good nr not, but sub¬ 
mit it to a number of person.s to obtain the roneensus of 
' opinion. In giving or selling a piece of soap to the con- 
! sumer, it is second nature for him to smell it, and in the 
great majority of cases his opinion is formed not from any 
quality the soap itself may have during use, but from the 
odor. This only emphasizes the fact that the perfume 
must be plea.sing. not to one person, but to the majority, 
and many brands owe their popularity to nothing more 
than the enticing perfume. 

Perfuming of soap is closely allied to the soap making 
industry, but as staled a branch in itself. It is. therefore, 
not our purpose to give numerous formulae of how to 
perfume a soap, hut rather to advise to go for information 
to some one who thoroughly understands the character¬ 
istics of the numerous essential nils and synthetics and give 
positive information for the particular odor desired. Un¬ 
der no circumstances is it advisable to purchase a perfume 
already compounded, but since all perfumes arc a fjjend of 
several or manv essential oils and sjuithctics, it is a more 
positive assurance of obtaining what is desired, by pur¬ 
chasing the .siraight' oils and blcmling or mixing them as 
one desires. 

The perfume is added to a milled soap just before the 
milling process in the proper proportion per hundred 
pounds of soap. In cold made or unmilled soaps it is 
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added in the crutcher while the soap is still hot. By this 
method, of course, a proportion of the perfume is lost due 
to its being more or less volatile. 

C0U)B1NG SOAF. 

While much toilet soap is white or natural in color, 
many soaps are also artificially colored. The soap colors 
used for this purpose arc mostly aniline dyestuffs. The 
price of these dyestuffs is no criterion as to their quality, 
as the price is usually regulated by the addition of some 
inert, water soluble substance like common salt or sugar. 

The main properties that a dyestuff suitable for produc¬ 
ing a colored soap should have are fastness to light and 
to alkali. They should further be of such a type that the 
color does not come off and stain a wash cloth or the 
hands when the soap is used and should be soluble in 
water. Under no circumstances is it advisable to add 
these in such a quantity that the lather produced in the 
soap is colored. It is. customary to first dissolve the 
dye in hot water as a standardized solution. This can 
then be measured out in a graduate and added to the soap 
the same lime as the perfume is put in. About one part 
of color to fifty parts of water is the propor proportion 
to obtain a perfect solution, though this is by no means 
fized. In making up a solution thus it is an improvement 
to add to the same about one-half of one per cent, of an 
alkaliMither as the hydroxide or carbonate. Then, if there 
is any possibility of change of color due to alkalinity of 
the soap, it will exhiWt itself before Ihe color is added. 

A partirularly difficult shade to obtain is a purple, as . 
there is up to the present time no purplish aniline color ' 
known which is fast to light. Very good results in soap 
may be obtained by mixing a fast blue, as ultramarine or 
cobalt blue, with a red as rhodaminc or cosine. 

75 



SOAP-MAKINT. MANUAL 

Inasmuch as the colors for soap have been carefully 
tested by most of the dyestuff manufacturers, and their 
information, usually reliable, is open to any one desiring 
to know about a color for soap, it is better to depend upon 
their experience with colors after having satisfied one's 
self that a color is what it is represented for a particular 
shade, than to experiment with the numerous colors one’s 
self. 

MEDICINAL SOAPS. 

Soap is often used for the conveyance of various 
medicants, antiseptics or other material presumably 
beneficial for treatment of skin diseases. While soap 
is an ideal medium for the carrying of such materials, 
it is an unfortunate condition that when incorporated 
with the soap, all but a very few of the numerous sub¬ 
stances thus employed lose their medicinal properties 
and effectiveness for curing skin disorders, as well as 
any antiseptic value the substance may have. Soap 
is of such a nature chemically that many of the sub¬ 
stances used for skin troubles are cither entirely de¬ 
composed or altered to sucli an extent so as to impair 
their thcFapcutic,v'aiue. Thu.s many of the claims made 
for various medicated soaps fall flat, and really have 
no more antiseptic or therapeutic merit than ordinary 
soap which in itself Jias certain germicidal and cleaning 
value. 

In medicating a soap the material used for this pur- 
p<.ise is usually added at the mill. A tallow and cocoanut. 
oil base is best adapted for a soap of this type. The 
public have been educated more or le.ss to the use of 
colored soap to accentuate its medicinal value, and green 
is undoubtedly the most popular shade. This inference, 
howev^, is by no means trtje for all soaps of this 
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character. Possibly the best method of arranging these 
soaps is briefly to outline some medicinal soaps. 

SULl’HUR SOAPS. 

The best known sulphur soaps contain anywhere from 
one to 20 per cent, of flowers of sulphur. Other soaps 
contain either organic or inorganic sulphur compounds. 

TAR SOAP. 

The tar used in the manufacturing of tar soap is ob-' 
(ained by the destructive distillation of wood, the pine 
tar being the most extensively employed. While the 
different wood tars contain numerous aromatic com¬ 
pounds, such as phenols, phenyl oxides, terpenes and 
organic acids, these are present in such a slight pro¬ 
portion so as to render their effectiveness practically 
useless. It has, therefore, been tried to use these 
various compounds contained in the tar themselves to 
make tar soap really effective, yet tar is so cheap a 
substance that it is usually the substance used for 
medicating a tar soap. About 10 per cent, of tar is 
usually added to the soap wilh 2 ounces of tamp black 
per hundred pounds of soap. 

S0,\rs CONTAINING PHENOLS. 

Phenol (Carbolic Acid) is most extensively used in 
soaps of this kind, which are called carbolic soaps. 
Carbolic soaps are generally colored green and contain 
fromql to 5 per cent, phenol crystals. 

The cresols are also extensively used (or making 
soaps named carbollt. These substances impart more 
odor to the soup and really have more disinfecting 
powers than phenol when incorporated with soap. 

Other soaps, containing the phenol group, which are 
well known are resorcinol soap, salol soap, thymol soap. 
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naphthol soap, etc. From one to five per cent of the 
compound after which the soap is named is usually 
incorporated with the soap. 

FESOXIDE SOAP. 

Hydrogen peroxide in itself is an excellent disin¬ 
fectant. It loses all its medicinal value, however, when 
added to the soap. To ovcrcoinc this objection various 
metallic peroxides are added to the soap, as sodium 
peroxide, zinc peroxide and barium peroxide. These 
generate hydrogen peroxide by the addition of water'. 
Sodium perborate is also used in peroxide soaps, as this 
substance is decomposed by water into hydrogen per¬ 
oxide and sodium metaborate. 

.MKRfl’RY SOAP.S. 

Mercuric chloride (corro.sive sublimate) is most ex¬ 
tensively u.sed for the production of mercury soaps. 
Because of its extremely poisonous properties care 
should be taken in using it. Since it really eventually 
loses any antiseptic value in the soap through forming 
an insoluble mercury soap it might better he omitted 
entirely. 

I.ESS IMPOIITANT MEUinKAL SOAPS. 

• 

While the above nn nin neil soap- arc prohidily the 
best known medicated soaps, there are numerous other 
soaps wliich may he clas.-.cd under these kinds of soaps. 
jThus we have cold cream soaii. which can be mitde by 
.adding Rus.sian Mineral Oil. ] to 3 per cent., to the 
soap; witch hazel s'Vtii, made by tlte addition of extract 
of witch hazel: n.dipe o'a|,, npnle by arlding iodine or 
iodoform; formaldehyde .soap, made by adding for¬ 
maldehyde; tannin suap.s, made by adding tannin. In 
fact, there have been incorporated in soap so great a 
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inmilKT Ilf subi-tniKTs lliat llic lisl niiglit be greatly 
enlarged. 

Medicated soaps are not only used in solid form, but 
in powder, paste and liquid soap as well. The only 
difference in a .soap like those just referred to is that 
the mcdicant is incorporated with these forms of soaps 
as convenience directs. 

CASTILE SOAP. 

_ A pure Castile soap should be made from olive oil. 
This, however, is nut always the case, as a number of 
oils as well as tallow are used to adulterate this oil to 
cheapen it, and there are even some soaps called castilc 
which cohtain no olive oil at all. Most of the pure 
Castile soap used in this country is imported, as it is a 
difficult matter for the .\merican manufacturer to com¬ 
pete with the pure imported castilc soap, since both 
labor and oil itself are so niucli cheaper in the vicinities 
of liurope where tliis oil is produced, that this advantage 
is more than compensated by the carrying and custom 
charges by importing the castilc soap. 

Castile soap may be made cither by the full boiled or 
cold process. There are numerous grades of olive oil, 
and those used for soap making are denatured to lower 
•he duty charges. Olive oil makes a hard white soap, 
usually sold in bars, and olive oil foots a green soap, 
due to the coloring matter contained in this oil. 

To qnakc a boiled castilc soap, a composition of 10 
per cent. Cochin cocoanut oil and 90 per cent, olive oil 
may be used. To chlapcn this, pcaput oil (Arachis oil) 
may entirely replace the olive oil, or about 20 per cent, 
of corn or soya bean oil may be added. The oils are 
saponified as usual in making a settled soap and to 
prevent rancidity the soap is boiled near the finish for 
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some time in the closed state with suSicient excess of 
alkali to give it a sharp taste, then grained with lye, 
the lye drawn off, closed with water and then grained 
with salt. Thi.s process is repeated until the desired 
strength is readied. The last graining should not be, 
too great, and on the last change the soap should not 
be thinned out, as it will contain too great a quantity of 
water when slabbed. 

In making a cold custile soap the usual method- is 
pursued as already directed under cold made soap. 
When the soap is taken from the crutchcr it is ad¬ 
visable, however, to keep the soap in the frame well 
covered to assure complete sa]>onitication. Some manu¬ 
facturers use very small frames which are placed into 
compartments, well insulated to retain heat. Several 
formulae for cold made ca.'tile soaps, follow. It may 
be noted that some of the.se contain practically no olive oil. 


1 

Olive oil . 2030 

Palm kernel . 674 

Soda lye, 35 pet cent li. 1506 

II 

Olive oil ..f.20.30 

Cochin cocoa nut oil. 674 

Soda lye, 36 per cent. 13. 1523 

Sodium Silicate . 82 

III 

Palm kernel oil^. 5. 1578 

Tallow . 940 

Olive oil . 7 

Sodium sili'-aie. 20 per cent. B. 190 

Soda lyc, 36 per cent. B. ISOi^ 

so 
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IV 


Olive oil (yellow). 

. 1000 

Soda lye, 37 per cent. B. 

. 500 

V 


Olive oil . 

. 90 

or 


Palm kernel 1 

■ Cochin or eocoanut oil [ 

. 10 

Lye, 37 per cent. B. 

. 51 

If any of the soaps containing 

a high proportion of 

eocoanut oil are boiled the soap will float. It is there- 


fore necessary lo keep the temperature as low as 
possilile. 

ESaiWrChR SOAP (BLtJE MOrrLED). 

Escliweger soap is a colored mottled or marbled soap 
made to a very slight extent in this country. Inasmuch 
as it has bun introduced to the export trade, it is made 
ior this purpose by some manufacturers. A high per¬ 
centage of eocoanut oil is usually used together with 
tallow and grease. About one-third of each is a typical 
formula. In a soap of this character the fact that 
cocoaniit oil soap takes up a large quantity of water 
and salts of various kinds and is difl'itult to salt out is 
ni ide use of. The tallow and grease arc first saponified 
as usii,.!, then the eocoanut oil is pumped and saponified. 
Whe» the saponification is nearly completed cither sili¬ 
cate or carbonate of soda or common salt arc added to 
make the soap "shott” so as to form the mottle. The 
finishing of a soap of this type can only be gained by 
practice and it is rather difficult to explain the exact 
appearance of the kettle at this stage. The surface of 
th^soap should lie bright and lustrous with the steam 
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some time in the closed state with suflicient excess of 
alkali to give it a sharp taste, then grained with lye, 
the lye drawn off, dosed with water and then grained 
with salt, Tlii< process is repeated until the desired 
strength is reached. The last graining should not be, 
too great, and on the last change the soap should not 
be thinned out, as it will contain too great a quantity of 
water when slabbed. 

In making a cold caslile soap the usual method- is 
pursued as already directed under cold made soap. 
When the soap is taken from the crutcher it is arf- 
visablc, liow'cvcr, to keep the soap in the frame well 
covered to assure complete saponification. Some manu¬ 
facturers use very small frames which are placed into 
compartments, well insulated to retain heat. Several 
formulae for cold made castile soaps, follow. It may¬ 
be noted that some of these contain practically no olive oil. 


I 


Olive oil . 20.30 

Palm kernel . 674 

Soda lye, ,3.3 per cent. li. 1506 

II 

Olive oil .. (. 2030 

Coebin cocoaiiut oil. 674 

Soda lye, 36 per cent. 1!. 1523 

Sodium Silicate . 82 

III 

Palm kernel oil^.f. 1578 

Tallow . 940 

Olive oil . 7 

Sodium silicate, 20 i>cr cent. B. 190 

Soda lye, 36 per cent. IJ. 1507. 


SO 
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IV 


Olive oil (yellow). 

. 1000 

Soda lye, 37 per cent. B. 

. 500 

V 


Olive oil . 

. 90 

or 


Palm kernel 1 

. 10 

Cochin or cocoanut oil | 

I-ye, 37 per cent. B. 

. 51 


If any of tlie soaps containing a high proportion of 
cocoanut oil arc boiled the soap will float. It is there¬ 
fore necessary to keep the temperature as low as 
po.ssihle. 

ESeiiWKt;i;R soap (bi.ue mottled). 

Eschweger soa|> is a colored mottled or marbled soap 
made to a very slight extent in this country. Inasmuch 
as it has been introduced to the export trade, it is made 
for this purpose by some manufacturers. A high per- 
eintage of cocoanut oil is usually used together with 
tallow and grease. About one-third of each is a typical 
formula. In a soap of this character the fact that 
cocoanut oil soap takes up a large quantity of water 
and salts of various kinds and is dilhtult to salt out is 
iinidc use of. The tallow and grease arc first saponified 
as ustifl, then the cocoanut oil is pumped and saponified. 
Whe» the saponilication is nearly eorapletcd cither sili¬ 
cate or carbonate of soda or common salt are added to 
make the soap ‘'sliott" so as to form the mottle. The 
finishing of a soap of this type can only be gained by 
practice and it is rather difficult to explain the exact 
appearance of the kettle at this stage. The surface of 
thiv soap should he bright and lustrous with the .steam 
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escaping in numerous places in rose-iike formation. A 
sample on the trowel should have a slight sharpness 
to the tongue and he plastic. When the soap slides 
from the trowel it should break short. When the soap 
has reached this stage the desired coloring matter, usually ^ 
ultramarine, is added to the soap either in the kettle or 
Crutcher and the soap fnuued. The yield is 200-215 pouiiils 
(ler hundred ])ounds of stock. 

Several moditjeations of this general method for 
Kschweger soap are used by adopting the half boiled 
or cold process. 

Tr tNSl’ARKNT So\e. 

Transparent soap is really not a nn-st de-sirablc soap for 
toilet |inr]ioses, as it contains an eseess of free alkali, it 
has, nevertheless, met with (ndilie aiiproval because of the 
fact it is novel in being transparent. Kxcept for this fact 
very little merit can he claimed for a soap of this kind. 

The transparency of soap is generally due to the presence 
of alcohol, sugar or glycerine in the soap uhen it is made 
It is very essential in a soap of this chiiriicter, where light¬ 
ness and clearness of color are desired, that the materiiil 
for making the soap he carefully .selected as to Color and 
purity. The perfumes also play an important part in the 
color of the soaii and many of the tinctures, balsams and 
infusions used in* perfuming .'oap may eventually cause 
trouble by spotting. If the soap is artificially colored, which 
is almost always the case, the dyestuffs used for this 
purpose sh'.nhl have careful attention and only those ^lould 
be used whidi are known to resi.st the action of alkalis. 
Where rosin is used this product Aust be of the better 
grade. Ltistillcd water is always preferable for use in trans¬ 
parent soap. The government permits the use of a specially 
denatured alcohol. This alcohid is not taxed and consists of 
grain felhyl) alcohol denatured with .5 jier cent, wood 
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(methyl) alcohol. . Some soapmakers prefer to use a more 
expensive rchned methyl alcohol, but outside of adding 
to the cost of the soap, there is no particular advantage. 
The glycerine should be chemically pure. As to the oils 
^nd fats these should be low in acid and of good color. 
Under no circumstances should the crutchcr or kettle in 
which the soap is made be rusty or unclean in any way. 
h'or a light soap enameled utensils are to be preferred. 

To obtain transparency in soap the following general 
methods may be given. 

1. Where the transparency is due to sugar. 

2. Where alcohol and glycerine produce transparency. 

3. Where (1) or (2) is supplemented by the use of 
castor oil. 

4. Where transparency delicnds upon the percentage of 
fatty acid in a soap and the niinibci of times the soap is 
milled. 

liiider the lir.st method at least 25 per cent, of the charge 
should be eocoanut oil, the other constituent being tallow 
or any fat or oil capable of g'ving a sufficiently hard soap. 
The soap is hoile<l and finished as usual, then run to the 
cnitchcr to he mi.xed with a strong cane sugar solution, 
containing 10 20 per cent, sugar of the weight of the soap 
'! he sugar is dissolved in its own wcight,of water and the 
i dulion heated to 175 deg.s. F. before being very slowly 
added to the soap. As the water evaporates, soaps of this 
type .show spots due to the sugar thus being thrown out 
of solftion. 

Transparent soap made under the second method may 
be .saponified as usual and consist of *ny good toilet base. 
The soap is rim to the crutcher and mixed with 95 per cent, 
alcohol in the proportion of one part alcohol to two parts 
of fatty acid contained in the soap together with glycerine 
in the same proportion. 
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By tJ*S third method castor oil alone may be used to 
make the soap or added to any of the above bases up to 
33yi per cent, of the charge. If caistor oil only is used, 
but 2 per cent, or 3 per cent, of sugar is required. 

In the last method a combination of 80 per cent, tallowi 
very low in free acid, 20 per Cent, cocoanut oil and 5 per 
cent. W. W. rosin is a suitable charge. The saponification 
and finishing is carried out as with a full boiled .soap. 
The soap is then placed into a jacketed vcs.sel, provided 
with dry-steam coils, by which the e.\cess water is 
evaporated from the soap until it contains 73 per cent, fatly 
acids. When the thick mass reaches this stage it is framed, 
and when cool is suilaldc for obtaining a semi transparency 
which now depemis uixin the number of times the .soap is 
milled, it being, of course, inferred that no solid matter 
of any sort be added to the soap. 

Cold Made TawspAaENT So.vp. 

While transparent soaps may be made by the aiiovc 
general methods they are usually maile by the .semi-boiled 
or cold process. By this proce.ss a more satisfactory soap 
is obtained and it is iijore simple to carry out. A detailed 
description of this method is best and most casiiy given 
by using a t.vpical formuia. 

Charge; 


Tallow . 

. im 

Ib.s. 

Cochin Coco.'miit Oil. 

. .. myi 


Castor Oil. 

. m 

*4 

Soda Ash. 

■ ■■■• . 2H 

IS 

Soda Lye, 30 degs. 15. 

. 256 

IS 

Sugar (Cane) . 

. M 

IS 


. 126 


Water (Distilled) . . . . 

. 80 



as 
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To proceed, first place into*a crutcher or jacketed kettle 
the oils and fat and heat to 140 degs. F. Then add the 
soda ash dissolved in ahout 30 pounds of the water, after 
arhich the lye is added and the mass stirred until a finger 
or stick run over the surface leaves an imprint. Where 
the soap has reached this stage, it is well covered and 
allowed to stand about two hours or until it bulges in the 
center, after which the rest of the water which should 
contain no lime or other mineral .snlistancc and which is 
preferably distilled water, is added. The sugar is then 
.slowly shoveled in while the mass is stirring and finally 
the alcohol is poured in. The heat is then increased to 
IfiO degs. F. by dry steam and the soap crutched until 
dissolved. Under no circumstances should any soap be 
allowed to remain above the .surface of the mass on the 
sides of the mixer. This cnUching operation consumes 
about one hour, and when finished the soap should stand 
in tile vessel about half an hour when a small sample, is 
taken out to cool. This sample should be clear and show 
an e.vcess of alk.ili. if it is not clear more alcohol is 
added, if not of sufficient strength more lye put in until the 
desired condition is reached. The perfume and color are, 
now added. 

The soap is then framed and .Mlowcd to set after which 
it is cut, allowed to dry slightly and then pressed. To 
obtain a polished cake transparent soaps are often planed 
before^)rcssing and after pressing polished with a soft cloth, 
dampened with alcohol. Instead of framing this soap, it is 
sometimes “tubed,” thaPis to say, the soap from the crutcher 
is run into specially constructed tubes of a shape near 
that of the desired cake and allowed to cool, after which 
it is cut and pressed. All scraps are returned to the 
crutcher; but in so doing the soap is slightly darkened in 
color. It IS advisable to expose a finished cake of trans- 
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parent soap to tlie air for some time as by so doing it 
becomes clearer. 

Other formulae for cold made transparent soaps made 
as just outlined follow; 

1. 

Bleached Tallow . 134 lbs. 

Cochin Cocoanut Oil . 88 " 

Castor Oil . 20 " 

W. W. Rosin . 7 “ 

Cane Sugar . 64 " 

Water. 32 " 

Glycerine . 34 " 

Soda Lye, 38 dcg.s. 1!. 135 " 

Alcohol. 16 gal. 

II. 

Tallow .211 lbs. 

Cochin Cocoanut Oil .185 

Castor Oil . 9754 

Soda Ash. 854 

Water . 106 

Soda Lye, 38 degs. li.279 

Sugar .. 216 

Alcohol . ... 137 

III . 

Castor Oil.60 Ibli 

Cochin Cocoanut Oil .195 

Tallow • . 120 ■ 

Alcohol . . . 115 

Sugar .. 90 

Water . 53 

Glycerine . 53 

Soda Lye, 38 degs. B. 20554 “ 
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IV. 


Tallow . 100 lbs. 

Cochin Cocoanut Oil . 100 “ 

Castor Oil . 60 " 

Glycerine . 20 “ 

Rosin, W. W. 20 “ 

Sugar . 40 “ 

Water . SO " 

Soda Lye, 30 deg's. 1!. 164 “ 

Alcohol . 8 gal. 

V. 

Tallow . 174 Ihs. 

Cocoanut Oil . 114 “ 

Soda Lye, 38 deg.'s. B. 170 “ 

Sugar . 80 “ 

Water . 72 “ 

Alcohol . 16 gal. 


Ruisin may be added in this formula up to 20 per cent, 
of fats used and the tallow cut down correspondinglv. 

StlAVINO SO.APS. 

The requirements of a shaving soap arc somewhat 
'tlOerent than those of other soaps. To be a good shaving 
soap the lallicr piodiiced therefrom must lie heavy, creamy, 
lisst not gniisstiy, and remain moist when formed on the 
hsee. i'he soap itself should be of a soft consistency so 
as to ifadily adhere to the face when used in stick form. 
It should furthermore he ncsstral or nearly so to prevent 
the alkali from smarting during shavjng. 

Shaving sriap is made in the form of a stick, and a tablet 
for use in the shaving mug. Some shavers prefer to have 
the soap as a powder or cream, which are claimed to be 
more convenient methods of shaving. While a liquid 
shaving soap is not as well known because it has not yet 
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become popular, some soap for shaving is made in this 
form. 

Formerly shaving soap was cxten.sivciy made from a 
charge of about 8fl parts tallow and 20 parts cocoanut oi' 
as a boiled settled snap, but either making the strengthen¬ 
ing change with potash lye or using potash lye in saponify¬ 
ing the stock and graining with salt. Soaps for shaving 
made in this manner arc very unsatisfactory, as they do 
not produce a suHTicicntly thick or lasting lather and dis¬ 
color very materially upon ageing. Potassium stcarite 
forms an ideal lather for shaving, but readily hardens and 
hence needs some of the softer oils, or glycerine incor¬ 
porated with it to form a satisfactory soap for shaving. 

The selection of materials for making a shaving soap 
is inii)ortant. The tallow used should be white and of 
high titer. Cochin cocoanut oil is to be preferred to the 
other kinds, and the alkalis should be the best for tech¬ 
nical use that can be purchased—76 per cent, caustic soda 
and 88-92 per cent, eaustic potash are suitable. By the use 
of stearic acid it is a simple matter to reach the neutral • 
point which can be carefully appro.xiinated. 

The following are shaving ^oap formulae which have 
been found to jive good .satisfaction: 


I. lbs. 

Tallow' . 360 

Stearic acid . 40 

Soda lye, 41° li. 14/ 

Potash lyc, .W° R.^. 87 

Water . . 32 

Gum tragacantb . 1 

II. lbs. 

Tallow . 282 

Cocoanut oil . 60 

SB 
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Stearic acid . 50 

Bayberry wax . 18 

Soda lye, 41° B. 147 

Potash lyc, 34° B... 90 

Water . 32 

III. lbs. 

Tallow . 400 

Cocoanut oil . 176 

Stearic acid . 415 

Caustic soda, 40° B. 182 

Caustic potash, 38° B. 108 


To proceed, first run into the crutrher the tallow, cocoa- 
nut oil and bayberry wax when used, and bring the tem¬ 
perature of the mass up to 140°-l(i0° F. by dry steam. Then 
add the caustic soda lyc and keep on heat with occasional 
mixing until it is all taken up. When this stage is reached 
gradually add all but about 5 per cent, of the potash lye, 
and complete the saponilication. This point having been 
reached, the heat is turned off; the crutcher is run and 
the stearic acid, previously melted by dry steam in a lead- 
lined or enameled ves!!cl, is run in in a continuous stream 
and the crutching continued for fifteen minutes to half 
an hour. Samples are taken at this time, cooled and 
‘ested by alcoholic phenolphthalcin solution. If too alkaline 
more stearic acid is added, if too acid more potash lye 
from that previously reserved. After each addition of lye 
or sAiaric acid the mass is crutched from 10 to IS minutes 
longer, another sample is taken, cooled and again tested. 
When the phcnolphtfialein shows a very light pink after 
several minutes, the soap is practically neutral, although 
at this point one can better judge by dissolving a sample 
in hot neutralised alcohol made by putting into the alcohol 
a few drops of phenolphthalein, and then adding weak 
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alkali drop by drop from a burette until a slight pink, not 
yellow, tint is obtained, and noting the color of the solu¬ 
tion. The solution should show a very light piiik when 
the soap is properly neutralized. When this stage is ar¬ 
rived at the gum tragacanlh, previously softened in watwt, 
is crutched in if it is to be added. The soap is then 
framed, stripped in three or four days, dried and milled 

The formulae as given are for shaving sticks, and do 
not readily press unless thoroughly dried. A more satis¬ 
factory result is obtained by adding at the mill 25 per 
cent, of while tallow base to obtain a satisfactory mug 
soap. 

SHAVING POWDER. 

Shaving powder differs from the soaps just described 
in being pulverized, usually adding up to 5 per cent, starch 
to prevent caking. Any of the above soaps, dried bone 
dry, with or without the addition of tallow base make a 
satisfactory powder for shaving. 

SHAVING 'CREAU. 

Shaving cream is now a very popular shaving medium 
due to the rapidity and convenience with which one can 
shave by the use of this product. Formerly shaving 
cream was made from the liquid oils like olive oil and a 
soft fat like lard, together with cocoanut oil. Now, how¬ 
ever, mo.st of the iioiiular .shaving creams are made from 
stearic acid and cocoanut oil, as a far superior product is 
obtained by the use of these substances. By using these a 
more satisfactory cream is obtained, and it is far more 
convenient to make. The lather afeo produced therefrom 
is more suitable for shaving, being thick, creamy and re¬ 
maining moist. 

A few typical formulae for shaving creams of this type 
are as follows: 
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lbs. 

Cochin cocoanut oil. 26 

Stearic acid . 165 

Caustic potash lye, 50° B. 69 

Glycerine C. P. 76 

Water . 38 

lbs. 

Cochin cocoanut oil. 18 

Stearic acid . 73 

Caustic imfish lye, 39° I! . .54 

Glycerine . 33 

Water . 27 

HI. lbs. 

Cochin cocoanut oil. 18 

Stearic acid . 73 

Caustic potash" lye, 39° li. ,54 

Glycerine . 20 

Waur . 40 

and ^ lbs. 

Stearic acid . 60 

Glycerine C. P. 85 

\yater . 165 

Sodium carbonate . 50 

Borax .*. I 

To make a shaving cream by Formula I or II, the cocoa- 

nut oil and glycerine are 6rst put into a suitable mixing 
apparatus or crutcher, and heated to 120° F. A part or 
ail the potash lye is then added and the cocoanut oil 
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saponified. The rest of the potash lyc and the water are 
then added, and with the mixer running the stearic acid, 
previously melted in a lead-lined or enameled vessel, is 
then poured in in a stream and the mass stirred until 
smooth, care being exercised not to aerate it too much. 
The cream is then tested for alkalinity, the best method 
being by that described under shaving soap, in which 
the sample is dissolved in alcohol. Because of the large 
quantity of water present, phenolphthalein is unsatisfac¬ 
tory, as dissociation of the soap may show a pink indica¬ 
tion in spite of the fact the mass is on the acid side. For 
a quick method of testing the bite on the tongue is a 
satisfactory crilerinn. If a cooled sample bites the tongue 
more stearic acid is added until there is a 3% excess of this. 
When the proper neulrali/ation has taken place the cream 
is perfumed and framed in a special frame, or it may be 
allowed to cool in the mixer and perfumed the next day, 
When cool the cream is strained, or put through an oint¬ 
ment mill, after which it is ready to 611 into tubes. 

The procedure for the 6rst part of Formula III is the. 
same as that just given. The second part of the formula 
is made the same as a vanishing cream for toilet purposes. 
To make this, Brst melt the stearic acid as already directed. 
Dissolve the .'■odium carbonate and borax in water and 
when dissolved add the glycerine and stir. Then heat 
this solution to about l(X)°-]20‘’ F. and while stirring in 
a suitable mixing machine into which this solujtion has 
been poured after being heated, or better still in which 
it has been heated by dry stcaiji. add the stearic acid. 
Continue mixing until smooth and then allow to cool, or 
run into frames to cool. 

When the shaving cream and vanishing cream are both 
cool, they are mixed in the proportion of one of the 
former to two of the latter. It is claimed that in thus 
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making a shaving cream a snioolher product is ob¬ 
tained, although it may be said that the vanishing cream 
is merely a soft soap and the ultimate result is the same 
as ^though the various ingredients were added in one 
operation, rather than making two separate products and 
then mixing them, iherehy considerahlv inereasiiig the cost 
01 manufacture. 


PUMtCR OR SAND SOAPS. 

Pumice and sand are at times added to soap to aid io 
the removal of dirt in cleansing the hands. In some cases 
these soaps are made in the form of a cake, in others 
they are sold in cans iu the form of a paste. 

A hand paste is usually made by merely dissolving 
ordinary tallow base in two or three limes its weight of 
hot water and mixing in the desired quantity of pumice 
or sand and in some instances adding a little glycerine 
to keep it sof! or a solvent of some kind for grease. It 
may also be made by directly incorporating any of these 
in a potash .soap. 

A cold made or semi-boiled coroanut or palm kernel oil 
soap is the base used to add the pumice or sand to in 
making a cake soap of this sort. The following formulae 
serve as a guide for these soaps. ^ 

I. 


Palm Kernel or Ceylon Cocoanut Oil_ 70S lbs. 

Puaricc (Powdered) . 281 “ 

Soda Lye, 38-^ B. 378 “ 

Cocoanut Oil . 100 “ 

Soda Lye, 38* B. '55 " 

Water . 6 ” 

Silver Sand (fine). 60 " 
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'1 o proceed i)Iace tlic oil in a crntcher and heat to 140’ 
F. Sift in the piimice and nii\ thoroughly. The lye ii 
then added wliich eau.se^ a curdling (tf the grain. The 
stirring is continued until the grain closes and the syap 
is smooth, after which the desired perfume is added and 
the soap dropped into a frame and crutched by hand. 
When the soap is set, it is slabbed, cut into cakes, dried 
slightly and iiresscd. 


LIQUID SO.M’S. 

Liquid soaps arc merely solutions of a potash soap, 
usually cocoamil oil soap, although corn oil is used to 
make a cheap soap. One of the dilhculties encountered 
in liquid soap is to keep it clear, .^t a low temperature 
a sediment is often formed, hut this can be overcome by 
the use of sugar and riltering the soap through a filter 
piess at a low temperature. In order to prevent the soap 
from freciing, it is necessary to lower the free/ing point 
by the addition of glycerine or alcohol. 

To make liquid soap by any of the formulae given, 
below, the oil is first run into a jacketed kettle with a 
stirring device, and heated to about 120“ F. The potash 
lye is then added and the oil saponified. When the saponifi¬ 
cation takes plice, especially vidieii cocoauut oil is used, 
the mass swells rapidly and may foam over the sides of 
the kettle unless water is used to check this, or a kettle 
of about four to fitc times the capacity of the lota^charge 
of soap is used. When the saponification has occurred, 
the sugar, borax and glycerine ate adiled, the water run 
in and the mixtmt stirred until the soap is thoroughly 
dissolved. Heat aids materially in dissolving the soap, 
ihe .oap i.s then allowed to cciol and if color or perfume 
is to be added this is stirred in, after which the soap is 
cooled and filtered or else run directly into barrels. 
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Tallow is not suitable for making a clear liquid soap 
since it is too high in stcarine which when formed into 
the stearate makes an opaque solution. The formulae 
Ijprewith given have been found to give good practical 


results. 

1. lbs. 

Cocoanut oil . 130 

Caustic potash lye, 28° B. 13S 

Sugar . 72 

Borax . 2 

Water. 267 

lbs. 

Corn oil. 130 

Caustic potash lye, 26“ H. 135 

Sugar . 72 

Borax . 2 

Water . 267 

in- lbs. 

Cocoanut oil .; 100 

Caustic potash lye, 28° B.•. 102 

Glycerine . 100 

Sugar . 70 

•Water . 833 


Formulae I and II contain about 20 per cent, fatly acids. 
It is possible, of course, to cither increase or decrease 
the percentage of fatty acid by varying the amount of 
water. The water used in making liquid soaps, of course, 
should be soft, for hard water forms insoluble soaps 
which precipitate and cause a sediment. 
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USE OF HARDENED OILS IN TOILET SOAPS. 

While the introduction of the hydrogenation of oils is a 
decided advance in the production of snitahle cheaper oils 
for soap making, comparatively little hardened oil is em; 
idoycd for soap making in America up to the present time. 
In Europe, however, considerable advance has been made 
by the use of such oils for manufacturing .soap therefrom 
and a number of plants turn out large quantities of hydro¬ 
genated oils for soap making as n cll as for edible purpo.ses. 
Recently a company has been formed in this country fof 
hardening oils and it is very probalde that the future will 
see this material extensively used in our own country, as 
these appear to be the one incscnt hope of the soap manu¬ 
facturer as a check on the ever increasing co.st of fats and 
oils now used in making soap. 

It is an unfortunate condition that hydrogenated oils 
prodiiccil abroad arc sold under names which give ab¬ 
solutely no indication as to the oil which has been hardened. 
The softer and cheaper oils like fish oil, linseed oil, cotton¬ 
seed oil, etc., are gcLcrally hardened for soap manufacture 
to different degrees of hardness. While it is imimssible to 
definitely state just what products as Candelile, Talgol, 
Krutolin or several other coined nimes of hardened oils 
are, various investigators have experimented with them as 
to their adaptability for producing toilet soaps and found 
that suitable toilet soaps may be made from them. While 
many objections were at first met with concerning |oaps 
made from these products, as to their unsatisfactory saponi¬ 
fication, the poor lathering quality of the soaps and their 
odor and consequent >Jifficulty in perfuming, the results of 
most investigators along these lines indicate that these in 
many ca.>,es were due to prejudice against or unfamiliarity 
with handling oils of this type for soap making. 

In manufacturing soap from hardened oils it is usually 
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necessary to incorporate with the charge lard, tallow, tallow 
oil or some other soft oil of this nature. Satisfactory bases 
for toilet soaps, made as boiled settled soap by the use of 
T^lgol (undoubtedly hardened fish oil), are said to be 
made by the forimilae* below. 


I. 

'fallow . 45 parts 

Talgol . 40 “ 

Cocoanut Oil . IS “ 

II. 

Cocoanut Oil (Ceylon). 6 “ 

Tallow . 12 “ 

'falgol, Extra . 12 


The method of boiling a soap of this type doe.s not differ 
materially from that of making settled tallow soap base. 
The soap itself has a different odor than a straight tallow 
ba.se, blit is said to make a very satisfactory soap for 
milling and to be of good appearance. . 

Satisfactory transparent soaps are made from the 
liardeiicd oil Candelite, which replaces the tallow in trans¬ 
parent soap formulae such as have already been given in 
the section under “Transparent Soai>s.” ^Tlie method of 
maniifaetnring a soap by the use of this product varies in 
no way from the usual method employed for making these 
soaps. 

SinA hydrogenated oils are high in stcarine, their use 
in shaving soaps is a decided adv.intage. It has pre¬ 
viously been pointed out that potassium stearate forms 
an ideal lather for shaving, and in • the hydrogenating 
process the olein is converted to stearine. Thus a hardened 

*Sejfcnfieder Ztg. (1913), p. 334 and 338. 

** ** (1912), p. 1229 and 1257. 
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oil is advantageous in a shaving snap. As an example of 
a cold made soap for shaving the following may he taken.! 

Talgol Extra . 50 Ihs. 

Cocoanut Oil . 10 “ , 

Lard. 10 “ 

Soda Lye, 38” B. 20 “ 

Potash Lye, 37“ B. 21 “ 

This soap may be made in a cnitcher by the method 
generally used in making soap by the cold procc.ss. 

TEXTII.E SO.M'S. 

Soap is a very important product to every branch of the 
textile industry. For woolen fabrics it is used for scouring, 
fulling and throwing the wool; in the silk indu.stry it is 
necessary for deguniming the raw silk, as well as for dye¬ 
ing; in the cotton mills it is used to finish cotton cloth 
and to some extent in bleaching; it is, furthermore, em¬ 
ployed in a number of ways in the manufacture of linen. 
Large quantities of soap are thus consumed in an in¬ 
dustry of so great an extent and the requirements neccs- . 
sitate different soaps for the different operations. We 
will, therefore, consider these in detail. 

SCOUBINJ ANn FUI.HNO SOAPS FOR WOOL. 

The soaps used to scour wool and for fulling the woven 
cloth are usually made as cheaply as possible. They are, 
however, generally pure soaps, as filling material sqfh as 
sodium silicate docs not readily rinse out of the wool and 
if used at all must be added very ^sparingly. Both cold 
made and boileil settfed soaps are made for this purpose 
The soap is generally sold in barrels, hence is run directly 
to these from the crutcher or soap kettle. As cold made 
soaps the following serve for wool scouring or fulling. 
tSeifsasitiler Zlf. (ISIJ), |i. 95t. 
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I. 

Palnj Oil . 200 lbs. 

Hone Grease . 460 " 

Soda Lye, 3(i“ I). 357 " 

Water. 113 “ 

Soda A.sh . SO “ 

Citronella. 2 “ 

II. 

Palm Oil (Calabar, unbleached). 155 “ 

House Grease . 360 " 

Soda Lye, 36“ B. 324 “ 

Water . 268 “ 

Sodium Silicate. 83 “ 

III. 

House Grease . 185 " 

Palm Oil (unbleached). 309 “ 

Soda Lye. 36“ B. 309 “ 

Water . 391 “ 

Soda A.sh . 70 “ 

Sodium Silicate . 60 “ 

Corn Starch . 10 “ 


Tlicse soaps are made in a crutcher ^y the usual pro¬ 
cess for cold-made soaps, crutched until smooth, dropped 
into a barrel and crutched by hand the next day pr just 
before cooling. 

A? a .settled soap for these operations the following 


charge is typical; ^ 

Palm Oil .f....... 34 parts 

Cottonseed foots or its equivalent in 

fatty acids . 33 “ 

Rosin . 10 " 

Hnu.se Grease . 23 “ 
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Tlie method of boiling isiirh a .soap is the same as for 
any settled soap up to the strengthening change. When 
this stage is reached, sufficient lye is added to strengthen 
the kettle strongly. It is then boiled down with closed, 
steam on salt brine or "pickle” until a sample of the lye 
taken from the bottom stands at 16*-22° B. The soap is 
then run into barrels and after standing therein for a day 
is hand crutched until cool to prevent streaking of the soap. 

Besides a soap of this type a settled tallow chip soap'is 
used. 

wool. THaowEa's soap. 

Soaps for wool throwing are sometimes made from 
olive oil foots bat these are often objected to because 
of the sulphur-like odor conveyed to the cloth due to the 
method by which this oil is e.\tracted with carbon disu'- 
phide. A potash soap hardened soracwiiat with soda is 
also used. As a formula for a suitable soap of this type 
this may be given. 

Olive Oil Foots . 12 parts 

Corn Oil . 46 

House Grease . 20 

Soda Lye. 36” B... 3 " 

Potassium Carbonate (dry)....-.;. S}i 

Potassium Hydrate (solid). 23 

This soap is made as a "run” soap by the geiyral 
directions already given for a soap thus made. The kettle 
is boiled with open and closed stcan^ adding water very 
slowly and aiming to'obtain a 220-225 per cent, yield or 
fatty acid content of the finished soap of 46 per cent. 
When the soap is hnished a sample cooled on a plate of 
glass should be neither slippery or short, but should string 
slightly. The finished soap is run directly into barrels. 
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A soap for wool throwing by the semi-l^ilcd process 
may be made from olive oil foots in a crutcher thus; 


Olive Oil Foots. 600 lbs. 

Potash Lye, 20° B. 660 “ 


The oil is heated to 180° F., the lye added and the 
mass stirred until it bunches, when dropped into 

an adt 

WOKSTED HSIS(B»G . 

. For the Aishing of worsted cloth ■■ , in cocoa- 

nut oil or palm kernel oil are prefei.. ' / -e soaps are 
finished very neutral, being made as .,.d soaps, but 
given an extra wash change after strengthening strongly. 
They are then finished as usual and run into barrels. If 
framed too hot, the high percentage of cocoanut oil 
causes mottling, which is prevented by crutching by hand 
until the temperature of the soap is 140°-145° F. Some 
typical charges, all of which are saponified with soda lye. 


follow: 

I. 

Palm Kernel Oil . 60 parts 

Corn Oil . 40 " 

ir. 

Palm Kernel Oil. 30 “ 

Red Oil (single pressed). 70 " 

III. 

Red Oil ... 33J5 " 

Com Oil .». 3354 " 

Cocoanut Oil or Palm Kernel Oil. 3354 ” 


soars USED in the silk iNousny. 

Soap is used to a veiy large extent in lilkt^ills, both for 
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degumming the raw silk and in silk dyeing. Raw silk con¬ 
sists of the true silk fibre known as fibroin and a gummy 
coating, sericin, which dulls the lustre of the silk unless 
removed. l‘or this purpose a slightly alkaline olive oil 
foots soap is best adapted, although palm oil and peanut 
oil soaps are sometimes used, as well as soaps made from 
a corabinati''—..'nuse grease to the extent of 30 per 
cent., togc ’licd unvi -ed oil or straight-olein soaps, both 
of which -’ly colored green. In using house 

grease, if 3f' ; . cit. is exceeded in comltination with 

red oil, ibi ii-.-r h raised to such an extent that the 
soap does no. leadily rinse from the silk nor dissolve 
readily. They are also not advisable because they impart 
a disagreeable odor to the silk. 

To make a soap for this purpose from olive oil fools it 
is made as a settled soap, care being taken to thoroughly 
boil the mass on the saponification change in the closed 
state to assure proper saponification. The kettle is usually- 
grained with lye and given a good wash change to remove 
the excess strength. The change previous to the finish 
should not be too heavy or too large a nigre results. The 
lighter the grain is, the better the finished kettle is. A 
yield of 150 per cent, is usually obtained. This soap is 
generally run to «. frame, slabbed upon cooling and packed 
directly into wooden cases. 

For silk dyeing the above soap is suitable, although any 
well-made soap of good odor and not rancid is uyable. 
While soap alone is often used in the bath for silk dyeing, 
certain dyestuffs require the addition of acetic or sulphuric 
acid, which sets fretf the fatty acids. If these be of bad 
odor it is taken up by the silk and is difficult to remove. 
The most generally used soaps are the just mentioned olive 
foots soap or a soap made from a good grade red oil. 

Both kinds are extensively used. 
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SOAPS USED FOR COTTON GOODS. 

In the manufacture of cotton goods, as compared to the 
wool and silk industries, very much less soap is used and 
it is only applied to the finished fabric either to clean the 
cl^ preparatory to dyeing or to aid in dyeing with certain 
colors. It is also used in calico printing. For cleansing 
the cloth ordinary chip soap is suitable although a more 
alkaline soap finished as a curd soap is an advantage in 
that the free alkali contained therein aids in removing the 
dirt and has no harmful effect on the cotton. For dyeing 
cotton goods or to brighten certain colors after dyeing 
an olive oil foots soap is most generally employed. In 
calico printing soap is used to wash and clear the cloth 
after printing. A soap for this purpose should be easily 
soluble in water and contain no free alkali, rosin or filler. 
The best soaps for use in calico printing are either an olive 
oil foots soap or an olein soap. 

SULPHONATED OI1..S. 

While sulphonated oils are not used to any great cxteiu 
In the manufacture of soap, they are used very largely in 
the dyeing and printing of turkey and alizarine reds on 
cotton as well as other colors. Just what action these oils 
hare is not known. Turkey red oil or sulphonated castor 
(.it is the be.st known sulphonated oil. 

The process of making these oils is simple. The equip¬ 
ment ncccs.sary is a wooden tank or barrel of suitable 
capacity, approximately two and a half times the amount 
of oil to he treated. ^ There are furthermore required 
other tanks or vessels to hold the solqtions used such as 
caustic soda, ammonia and acid. The tank to be used for 
the preparation of sulphonated oil should be provided 
with a valve at the bottom of the tank and a gauge to 
measure the quantity of liquid therein. 
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The process is carried out as follows: 

Three hundred pounds of castor oil are placed in tlie 
tank and 80 pounds at 66 deg. B. sulphuric acid are 
weighed out in another vessel. The acid is run into 
the tank containing the oil in a very thin stream While 
the oil is well stirred. ,At no time should the temperature 
exceed 40 deg. C This operation should consume at 
least an hour and stirring should be continued half an 
hour longer lo insure the thorough mixing of the oil with 
the acid. Ihc mass is then allowed to settle for 24 
hours, after which 40 gallons of water are added and the 
mixture stirred until it has a uniform creamy color indi¬ 
cating no dark streaks. This mixing process should he 
carefully carried out and when completed allowed to settle 
36 hours. At this point the mass will have separated info 
two layers, the lower layer consisting of a water solution 
of acid and the upper layer of oil. The former is run out 
through the valve located at the liottom of the tank. An¬ 
other wash may now be given or dispensed with as de¬ 
sired. In this wash the addition of salt nr sodium sulphate 
at the rate of Hi pounds per gallon of water is advisable. 
A 24 deg. n. caustic soda solution is prepared and added 
slowly to the acidified oil with constant stirring. The 
mass first turns creamy, then becomes streaked, increa.sing 
in streaks as the caustic solution is poured in, and finally 
becomes clear and tran.sparcnt. Water is now added 
to bring the volume to 75 gallons. The oil is now milky 
in appearance, but the addition of a little more sdtla solu¬ 
tion restores the transparency. 

In some cases .ammonia is used in addition to caustic 
soda in neutralizing the oil. Three-fourths of the amount 
of caustic soda required to complete the neutralization is 
first added and then the neutralization is completed with 
a one to one liquid ammonia and water solution. 
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CHAPTER V 

Glycerine Recovery. 

The recovery of glycerine is very closely allied with the 
soap-making industry, bcranse glycerine is the very valuable 
by-product obtained in the saponification of oils and fats. 
No soap plant is, therefore, fully equipped unless it has 
seme method whereby the glycerine is recovered and the 
importance of recovering this product cannot be too strong¬ 
ly emphasized. 

It has already been pointed out that neutral fats or the 
glycerides arc a combination of fatty acid with glycerine. 
These are split apart in the procc.ss of saponilication. While 
by the term sal’oitiUcalioit as used in soap making it is in¬ 
ferred that this is the combination of caustic alkalis with 
the fatty acids to form soap, this term is by no means lim¬ 
ited to this method of saponification, as there are various 
^ other methods of saponifying a fat. The chemical defini ¬ 
tion of saponilication is the conversion of an ester, of which 
glycerides are merely a certain type, into an alcohol and 
an acid or a salt of this acid. Thus, if we use caustic 
alkali as our saponifying agent for a fat qr oil, we obtain 
the sodium or potassium salt of the higher fatty acids or 
sr.ap and the alcohol, glycerine. On the other hand, if we 
use a mineral acid as the saponifying agent, we obtain the 
fatty acids themselves in addition to glycerine. While the 
former is by far the giost generally employed for making 
soap, other processes consist in .saponifying the fats by 
some method other than caustic alkalis and then convert¬ 
ing the fatty acids into soap by either neutralizing them 
with sodium or potassium carbonate or hydrate. 

It is important to again point out here that fats and oils 
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tlevdoi) free fatty add of themselves and that the devcl- 
oiiment of this acid represents a loss in slyceriue. Th^ 
selection of an oil or fat for soap making should therefore 
to a large extent be judged as to its adaptability by the free 
fatty acid content, as the, higher this content is, the grealer 
is the loss in the glycerine eventually obtained. Glycerine, 
often represents the only prolit to a soap niaiuifactnrcr. 
It is indeed necessary to determine the percentage of 
free fatty acid before purchasing a lot of stock to be made 
into soap. 

In taking up the question of glycerine recovery we will 
consider the various methods thus: 

1. Where the glycerine is editained from spent lye by 
saponifying the fats or oils with caustic alkali. 

2. Where the glyeeriuc is ol)taine<l by saponifying the 
hats or oils by some other method than the above, of which 
there are the following: 

(a) Twitchell process. 

(b) Saponification by lime in autoclave. 

fcl Saponiiicatiou l.\ acid. 

(d) Saponification by water in autoclave. 

let hVrincntatite tlfu/Nius) 

(f) Krehit/ iiriH'iss. 

aEcovfxY OK r.i.vnaixF. from ske.sit i.se. 

The spent lye obtained from the glycerine changes in 
making soap varies gre.itly, the quality depending upon the 
stork saponified and the soa|i maker's care in handling the 
operation. No two lyes run e.xactly alike as to projlfertion 
of the various ingredients, allhougli they arc all similar 
in containing the,same substances either in solution or 
suspension. .Spent lye is a water solution of mainly glyc¬ 
erine. free alkali either as caustic alkali or carbonate and 
salt, including sodium sulfate, but furthermore contains 
some soap and albuminous matter either in solution or 
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suspension. Upon standing in the storage tank the greater 
part of the soap usually separates when the lye cools. In 
order to assure the greatest economical yield of glycerine 
by saponifying a fat with caustic soda it is necessary to 
obtain a proportion of three parts of water to every part 
of fat made into soap. Test runs have shown that this is 
the proper proportion and that it is not economical to 
greatly exceed this amount, and if a much less proportion 
is used the full yield of glycerine is not obtained. 

• fhe spent lyes contain varying amounts of glycerine, 
the first change licing richest in glycerine content, and this 
being reduced in tlie sub.seijucnt changes. If the lyes al¬ 
ways run high in glycerine it is an indication tliat it is not 
all being olitaincd. 'I'be nsniil percentage is from Q.57o to 
5% or even more, alihongb the a. cage Is somewhere 
around to 3%. 1 be l>e as it comes from the kettle 
should mit contain. <i,uy more than 0.5% to 0.6% of free 
alkali calculaied as,s^tinm carbonate, NajCOj. If the pro¬ 
portion is higher iliSii this, it shows that the saponification 
has been conducted witli too high a proportion of alkali, 
a condition which should be corrected in the kettle room. 
.An exccs.>j of free alkali does no\ interfere to any great 
CKtenc with the .successful recovery of the glycerine, but 
•s a waste of both alkali am! the acid uset^in neutralizing 
tins. Tt is, tluTcforc, more economical to run a strong lye 
o\er fre^h stock and iieutrali/e the alkali thus, rather than 
treating the l^e b>r glycerine recovery. 

Beftre the spent lye can be run into the evaporator it is 
necessary to remove a>e albuminous impurities and soap 
and to neutralize the excess alkali to batween exactly neu¬ 
tral and 0.02% alkalinity. The lye should never be fed 
into the evaporator in the acid condition. 

In order to treat the spent lyes for evaporation, they are 
first allowed to cool in the storage tank, after which any 
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soap which may have separated is skimmed off and re¬ 
turned to the soap kettle. This lye is then pumped to the 
treatment tank, an ordinary tank equipped with some 
method of agitating the liquor, either by a mechanical 
stirrer, steam blower or compressed air, until it is about 
two feet from the top. 

After the lye has been skimmed off it is thoroughly 
agitated and a sam|ilc taken. The amount of lye in the 
tank is then calculated. S|icnt lyc is about 1.09 times 
heavier than water, or weighs about 9 pounds to the gallon. 
While the sample is being tested ior alkalinity it is advis¬ 
able to add svdialc of alumina, which may be dissolving 
while the sample is being titrated. This substance should 
he added in the proportion of anywhere from 6 to 14 
pounds per thousand pounds of lyc, depending upon the 
amount of impurities contained therein. For a clean lye 
six pounds per thousand is sufficient, but for an impure 
lye a greater quantity is necessary. The sulfate oi 
alumina used should be free from arsenic and sulfides anc 
should contain a niitiimnm amount of grit (silica), as gril 
reduces the life of the pump vaNes. This may be csti' 
mated with sufficient accuracy by rubbing the fiItcrcd-o6 
portions, insoluble in water between the fingers and : 
plate of glass. The object of adding the sulfate of alumina 
is to transform the soap contained in the lye into the in' 
soluble aluminum .soaps, and at the same time to coagulatt 
the albuminous impurities. It must be remembered thai 
the sulfate of alumina is added only for the fresh'lye pul 
into the tank. Thus if there werq 10,fXX) pounds of lye ir 
the treating tank when the fresh lyc was run in, and W,00( 
pounds when the tank is filled, adding nine pounds ol 
sulfate of alumina per thousand of lye, only 3fi0 pound: 
would be added or enough for 40,000 pounds. Sulfate ol 
alumina neutralises one-third of its weight of caustic, 
loif 
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To determine the alkali in the sample, 10 cubic centime¬ 
ters are pipetted into a beaker, a little distilled water added, 
then 3 or 4 drops of phenolphthalein indicator. From a 
burette, quarter normal (N/4) sulfuric acid is added until 
the pink color is just discharged. When this point is 
reached 4 to 5 c. c. more of acid are added and the solution 
is boiled to expel the carbon dioxide. Should the solution 
turn pink, it is necessary to a<ld more acid. After having 
boiled for 3 to 4 niinntc.s, N/4 cau.stic soda is added until 
the,pink color just returns and the amount of caustic soda 
used is read on the burette. The dilTcrcnce between the 
number of cubic centimeters of N/4 sulfuric acid and N/4 
caiLstic soda gives llie amount o/ alkali in the sample. By 
u.sing a 10 c. c. sample and N/4 sulfuric acid and N/4 
caustic soda each c. c. obt.iined by the difference of these 
two solutions is eciual to onc-tentli of one per cent. (0.1%) 
of the total alkali in the lye. As an example, say we first used 
7.7 c. c. of N/4 .sulfuric acid to just discharge the pink, then 
added 4 c. c. more, or 11.7 c. c. in total. After boiling it re¬ 
quired 5.3 c. c. to bring back a .slight pink, the total alkalin 
it) would be 11.7 c. c. — 5.3 c. c. = 6.4 c. c., or 0.64% total 
alkaU in the lye in terms of caustic soda. If there were 
46,000 pounds of lye to be treated then we should have to 
neutralize: 

40,000 X .0064 = 256 lbs. alkali. Since sulfate of alumina 
neutralizes one-third of its weight in caustic, and there are 
say 9 lbs. of this added per thousand pounds of lye we 
would^dd 

40,000 X 9 = 360 lbs.^f sulfate of alumina. This would 
neutralize 

360 X = 130 lbs of alkali. There are then 256 — 120 
= 136 lbs. of alkali still to be neutralized. If 60° 11. sul¬ 
furic acid is used it requires about 1.54 lbs. of acid to one 
pound of caustic. Therefore to neutralize the caustic 
soda remaining it requires: 
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136 X 1.54 = 209.44 lbs. 60" B. sulfuric acid to neutral¬ 
ize the total alkali in the 40,000 pounds of spent lye. 

The ari<l is added and the lye well stirrc<l, after which 
another sample is taken and again titrated as before. I'rt m 
this titration the amount of acid to he atlded is again cal- 
cidated and more acid is added if necessary. Should too 
much acid have been added, caustic soda solution is added 
until tlic lyc is between exactly neutral and 0.02% alkaline. 
'I'hc idtercd lyes at lhi> stage have a slight yellowish ca<t. 

J o be sure that the lyes are treated correctly the prccipi- 
lalion lest is advisable. To carry this out filter about 50 
c. c. of the treated lye and divide into two tiortions in a 
test tube. 'Id one portion add ammonia drop by droj>. If 
a ch>udincss develo]>s iijxui shaking, more alkali is ad<led 
to the he in the tank, 'id the other portion add a few 
drop.s of 1 to 5 sulfuric acid anci shake the test tube. If 
a precipitate develops or the .solution clouds, more acid is 
needed. W'lien tlie lyes arc treated right no cloudines.s 
.should devehip eitlicr upon adding ammonia or the di¬ 
lute acid. 

The properly trcaleil lye i.s then run through the Idter 
press w’hilc sliglitly warm anti the lilicred lye is fed to the 
evaporator fntm the filtered lyc lank. The lye coming 
from the fillei* press should l»e clear and have a slight 
yellowish ca.si. As the pressure iiicrAses it is necessary to 
clean the prt ss or .some of the prc.ss cake will pass through 
the cloths. Where sodium silicate is used as a filly, the 
silicate scrap .should never he returned to the soap kettle 
until the glycerine lyes ha\e been wKhdrawn. This practice 
of some soapmakers is to he strongly censured, as it 
causes decided difiicully in filtering the lyc, since during 
the treatment of the lyc, free silicic acid in colloidal form is 
produced by the decomposition of the sodium silicate by 
acid. This often prevents filtering the treated lyc even at 
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excess pressure and at best retard:» the filtering. 

As to the filter press cake, this may be best thrown away 
in a small factory. Where, however, the output of glycerine 
is%very large it pays to recover both the fatty acids and 
alumina in the press cakes. 

In some eases, especially when the lyes arc very dirty 
and the total residue in the crude gl>cerinc runs high, for 
which there i.s a penalty usually attached, a double liltra- 
tratinn of the lye is advisable. This is carried out by first 
making tbe lye slightly acid in reaction by the addition 
of alum and acid, then filtering. This filtered b'e is then 
neutralized to the proper point with caustic, as already 
described, and passed llirough tbe filter pre>s again. 

While in the method <»f treating the lyes as given sul¬ 
furic acid is used for neutralizing, some operators prefer 
to use hydrochbiric acid, as tliis forms sodium chloride or 
common salt, whereas sulfuric acid forms sodium sul¬ 
fate. having -.'.s the graining power ()f salt, which event¬ 
ually renders the salt useless for graining the soap, as the 
j)ercentage of sodium sulfate increases in the sail. When 
the salt Contains 2S j>er cent, sodium siiUate it is advisable 
to tlirtiw It away. Sulfuric acid, however, is considerably 
cheaper than liydrocliloric and this more than compensates 
0? • necessity of havijig to eventually reject the recovered 
.salt. It may here albo l>c mentioned that recovered salt 
contains S 7 per cent, glycerine which should be washed 
out ii^tlic evai)orat(tr before it is thrown away. The follow¬ 
ing tables give tbe approximate theoretical amounts of 
acids of variims stranglhs rc<iuired to neutralize one 
pound of caustic soda: • 

For 1 pound of caustic soda — 

3.25 lbs, 18® 11. hv<lrochb»ric (muriatic) acid arc required. 
2.92 “ 20® B. “ •* “ “ 

2.58 " 22® B. “ “ 


in 
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For 1 pound of caustic soda— 

1.93 lbs. 50° B. sulphuric acid are required. 

1.54 “ 60° B. . 

1.^ " 66° B. 

It is, of course, feasible to neutralize the spent lye witii- 
out first determining the causticity hy titrating a sample and 
this is often the case. The operator under such conditions 
lirst adds the sulfate of alumina, then the acid, u.sing 
litmus paper as his indicator. Comparatively, this method 
of treatment is much slower and not as positive, as the 
amount of acid or alkali to he added is at all times un¬ 
certain, fur in the foaming of the lyes their action on litmus 
is misleading. 

After the lye has been fdtered to the filtered lye tank h 
is fed to the evaporator, the method of operation of which 
varies somewhat with different styles or makes. When it 
first enters the evaporator the lye is about 11°-12° B. After 
boiling the density will gradually rise to 27° B. and remain 
at this gravity for some time and during which time most 
of the salt is dropped out in the salt filter. As the lye 
concentrates the gravity gradually rises to 28°-30° B., which' 
is half crude glycerine and contains alxnit 60 per cent, 
glycerine. Some operators carry the evaporation to this 
point and accuigulate a quantity of half crude before going 
on to crude. After half crude is obtained the temperature 
on the evaporator increases, the vacuum increases and the 
pressure on the condensation drain goes up (using the same 
amount of live steam). As the liquor grows heavic'r the 
amount of evajioration is less, and Jess steam is required 
necessitating the ragnlation of the steam pressure on the 
drum. When a temperature of 210° F. on the evaporator, 
with 26 or more inches vacuum on the pump is arrived at, 
the crude stage has been reached and the liquor now con¬ 
tains about 80 per cent, glycerine in which shape it is 
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usually sold by soap manafacturers. A greater concen¬ 
tration requires more intricate apparatus. After settling a 
day in the crude tank it is drummed. 

Crude glycerine (about SO per cent, glycerol) free from 
satt is 33° B., or lias a specific gravity of U. A sample 
boiled in an open disli boils at a temperature of 155* C. 
or over. 

TWITCIIF.I.I. I'ROCE.SS. 

The Twitchell process of saponification consists of caus- 
iitg an almost complete cleavage of fats and oils by the use 
of the Twitchell reagent or saponifier, a sulfo-aromatic 
compound. This is made by the action of concentrated 
sulfuric acid ni'on a solution of oleic acid or stearic acid 
in an aromatic hydrocarlion. From 05 per cent to 3 per 
cent, of the reagent is added and saponification takes place 
from 12-48 hours by heating in a current of live steam 
The reaction is usually accelerated by the presence of a few 
per cent, of free fatty acids as a starter. Recently the 
Twitchell doitlile reagent has been introduced through 
.which it is claimed that better colored fatty acids are ob¬ 
tained and the glycerine is free from ash. 

The advantages claimed for the Twitchell process as 
outlined by Joslin’ arc as follows: 

1. All the glycerine is separated from (he stock before 
entering the kettle, preventing loss of glycerine in the soap 
and removing glycerine from spent lye. 

2. J'he liquors contain 15-20 per cent, glycerine whereas 

spent lyes contain but 3-5 per cent, necessitating less 
evaporation and conSqiicntly being more economical in 
steam, labor and time. * 

3. No salt is obtained in the liquors which makes the 
evaporation cheaper and removes the cause of corrosion of 

*Jvum. Xnd. Eng. Cbem. (1909), I, p. 654. 
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the evaporator; also saves the glycerine retained by the 
salt. 

4. The glycerine liquors are purer and thus the treatment 
of the lyes is cheaper and simpler and the evaporation 
less difficult. 

5. The glycerine can readily he evaporated to 90 per cent, 
crude rather than 80 per cent, crude, thus saving drums, 
labor in handling and freight. The glycerine furthermore 
receives a higher rating and price, being known as saponi¬ 
fication crude which develops no glycols in rclining it. 

6. The fatty acids obtained by the Twitcbell saponifier 
may be converted into soap by carbonates, thus saving 
cost in alkali. 

7. There is a decrease in the odor of many strong 
smelling stocks. 

8. The glycerine may be obtained from half boiled and 
cold made soaps as well as soft (potash) soajis. 

While the advantages thus outlined are of decided value 
in the employment of the Twitcbell prociss. the one great 
disadvantage is that the fatty acids obtaiiu'd are rather 
dark in color and are not satisfactorily employeil for the 
making of a soap where whiteness of color i.‘ desired. 

To carry ottt the process the previously he.aled oil or 
fat to be sapoiifficd is run into a lead lined tank. As 
greases and tallow often contain impiiriiies a |ireliminary 
treatment with sulfuric acid is necessary, h'or a grease 
1.25 per cent, of half water and half Ut” B. sulfuric^cid 
is the approximate amount. The umlilutcd 66* 11. acid 
should never he added directly, assthe grease would be 
charred by this. The grease should he agitated by steam 
after the required percentage of acid, calculated on the 
weight cf the grease, has been added. The wash lye 
coming off should be 7°-10° U. on a good clean grease or 
lS*-22* B. on cotton oil or a poor grease. As has been 
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stated the grease is beated before tbe acid is added or the 
condensation of the steam necessitates the addition of more 
acid. After having boiled for 1-2 hours the grease is 
allowed to settle for 12 hours and run off through a swivel 
pipe. 

After the grease has been wa.slicd, as just explained, 
and settled, it is i)uiiii)cd into a covered wooden tank con¬ 
taining an open brass coil. Some of the second lye from 
a previous run is usually left in this tank and the grease 
pumped into this. The aniotint of this lye should be about 
one-third to one-half the weight of the grease so that there 
is about fiO per cent, by weight of grea.se in the tank after 
24 hours boiling. Where occasions arise when there is no 
second lye about 50 per cent, by weight of distilled water 
to the amount of gretise is run into the tank to replace the 
lye. The saiionifier is then added through a glass or 
granite ware funnel after the contents of the tank have 
been brought to a boil. If the boiling is to be continued 
48 hours, 1 pet cent, of sa|)onirier is added. For 24 hours 
^boiling add 1.5 |)er cent. I he boiling is continued for 24-48 
hours allowing 18 inches for boiling room or the grease 
will boil over. 

After boiling has continued tbe retpiired length of time 
•be mass is settled ami the glycerine watcr«is drawn off to 
the treatmcnl tank. Should a permanent emulsion have 
formed, due to adding loo great an amount of saponilier, 
a Hjfle sulfuric acid (0.1 per ccnt.-0.3 per cent.) will 
readily break this. During the time this is being done the 
space between the grease and the cover on the tank is kept 
filled with steam as contact with the air darkens the fatty 
acids. 

To tbe grease remaining in the tank distilled water (con¬ 
densed water from steam coils) to i,mc-half its volume is 
added and the boiling continued 12-24 hours. The grease 
Its 
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is then settled and the clear grease run of! through a 
swivel pipe. A layer of emulsion usually forms between 
Ihe clear grease and lye so that it may easily be de¬ 
termined when the grease has all been run off. To pre¬ 
vent discoloration of the fatty acids it is necessary to 
neutraliae the lye with barium carbonate. The amount of 
this to be added dciicnds upon the percentage of saponilier 
used. About 1/10 tbc weight of saponilier is the right 
amount. The hariuin carbonate is added through the fun¬ 
nel at the top of the tank ini.vcd with a little water and 
the lye tested until it is neutral to methyl orange indicator. 
When the fatty acids are thus treated they will not darken 
upon exposure to the air when run off. 

Fresh grease is now pumped into the lye or water re¬ 
maining in the tank and the process reiieated. 

The glycerine water or lirst Ije is run to the treatment 
tank, the fat skimmed <jff and neutralised with lime until it 
shows pink with phenolphthalein. after having Iwen thor¬ 
oughly boiled with steam. About 0.25 per cent, lime is the 
proper amount to adil. The mi.sttire is then allowed to 
settle and the supernatant mixture drawn off and run to the 
gljscrinc evaporator feed tank. 'I'lie lime which holds 
considerable glycerine is liltercd and the liipior adiled to the 
other. The evaporation is carried out in tnir stages. The 
glycerine water is first evaporated to abont 00 per cent, 
glycerol, then dropped into a settling tank to settle out the 
calcium sulfate. The clear liquor is then evaporate^ to 
crude (about 90 per cent, glycerine) and the sediment 
filtered and al.so evaporated to erude* 

As to the ..amount sjf saponilier to use on various stocks, 
this is best determined by experiment as to how high a 
percentage gives dark colored fatty acids. For good stock 
such as clean tallow, prime cottonseed oil, corn oil, 
cocoanut oil and stock of this kind 0.75 per cent, saponiher 
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is sufficient. For poorer grades o{ tallow, house grease, 
poor cottonseed oil, etc., 1 per cent, saponifier is required 
and for poorer grade greases higher percentages. The 
pjrcentagc of fatty acids developed varies in various stocks, 
and also varies with the care that the operation is carried 
out, hut is usually lietwcen R3 per cent.-M per cent. Due 
to the water taken up in the saponillcatioii process there 
is a yield of about 103 pounds of fatty acids and glycerine 
for 100 pounds of fat. 

• The Twitcliell reagent has undoubtedly caused a decided 
advance in the saponification of fats and oils and has been 
of great value to the soap nianuiactiirer, because wi'b a 
small expenditure it is possible to compete with the much 
more expensive equipment necessary for autoclave sapon¬ 
ification. The drawback, however, has been that the 
reagent imparted a dark color to the fatty acids obtained, 
due to decomposition products forming when the reagent 
is made, and hence is not suitable for use in soaps where 
whiteness of color is desired. 

There have recently been two new reagents introduced 
which act as catalyxers in splitting fats, just as the Twitchell 
reagent acts, but the fatty acids produced by the cleavage 
are of good color. The saponification, furthermore, takes 
ulace more rapidly. These arc the rfciliing reagent and 
Kontact reagent. 

The I'fcilring reagent is very similar to the Twitchell 
reawnt, being made from hydrogenated castor oil and 
naphthalene by sulfonation with concentrated sulfuric acid. 
It is manufactured iit Germany and is being extensively 
used in that country with good success. 

The Kontact or I’elrolT reagent, discovered by Petroff in 
Russia, is made from .sulfonatcd mineral oils. Until very 
recently it has only been manufactured in Europe, but now 
that it has been found possible to obtain the proper min- 
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eral constituent from American petroleum, it is being manu¬ 
factured in this country, and it is very probable that it will 
replace the Twitchell reagent because of the advantages 
derived by using it, as compared to the old Twitchell 
reagent. 

The method and ciiuipmcnt necessary tor cinployiiig 
cither the Pfeilriiis or Koiitact reagents is exactly the 
same as in using the Twitchell process. 

AUTOCL.SVE SArONIKICATION. 

While the introduction of the Twitchell process to a 
great extent replaced the autoclave method of saponifica¬ 
tion for obtaining fatty acids for soap making, the auto¬ 
clave method is also used. This process consists in heat¬ 
ing the previously purified fat or oil in the presence of 
lime and water, or water only, for several hours, which 
cao.scs a splitting of the glycerides into fatty acids and 
glycerine. The advantage of autoclave .saponification over 
the Twitchell process is that a greater cleavage of the fats 
and oils results in less time and at a slightly less expense. 
The glycerine thus obtained is also purer and of better 
color than that obtained by Twitchelling the fats. 

An autoclave or digestnr consists of a strongly construct¬ 
ed, closed cylindrical tank, usually made of copper, and is 
so built as to’rc.sist internal pressure. The digestor is 
usually 3 to 5 feet in diameter and from 18 to 25 feet high. 
It may be set up hori/ontally or vertically and is covered 
with an asbestos jacket to retain the heat. Various inlets 
and outlets for the fats, steam, etc., as well as a pressure 
gauge and safety valve arc also a* necessary part of the 
equipment. 

UME SAPONIFICATION. 

The saponification in an autoclave is nsuallv carried out 
by introducing the fats into the autoclave with a iiercentage 
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of lime, magnesia or zinc oxide, together with water. If 
the fats contain any great amount of impurities, it is first 
necessary to purify them either by a treatment with weak 
sulfuric acid, as described under the Twitchell process, or 
by boiling them up with brine and settling out the impuri¬ 
ties from the hot fat. 

To charge the autoclave a partial vacuum is created 
therein by condensation of steam just before running the 
purified oil in from an elevated tank. The required quan¬ 
tity of nnslaked lime, 2 to 4 per cent, of the weight of the 
fat, is run in with the molten fat, together with 30 per 
cent, to SO per cent, of water. While 8.7 per cent, lime is 
theoretically required, practice has shown that 2 per cent, 
to 4 per cent, is sufficient. The digestor, having been 
charged and adjusted, steam is turned on and a pressure 
of 8 to 10 atmo.spheres maintained thereon for a period of 
six to ten hours. Samples of the fat are taken at 
various interval.s and the percentage of free fatty acids de¬ 
termined. When the .saponification is completed the con¬ 
tents of the autoclave arc removed, usually by blowing out 
ifie digester into a wooden settling lank, or by first running 
oil the glycerine water and then blowing out the lime, .soap 
and fatty acids. The mass discharged from the digestor 
.sep-irates into two layers, the upper consisting of a mix¬ 
ture of lime soap nr “rock” and fatty acids, and the lower 
layer contains the glycerine or "sweet” water. The glycer¬ 
ine water is first run off through a clearing tank or oil 
separttor, if this has not been done directly from the auto¬ 
clave, and the mass retraining washed once or twice more 
with water to remove any glycerine still retained by the 
lime soap. The calculated amount of sulfuric acid to de¬ 
compose the lime “rock" is then added, and the mass agi¬ 
tated until the fatty acids contained therein are entirely 
set free. Another small wash is then given and the wash 
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water added to tlic glycerine water already run off. The 
glycerine water is neutralized with lime, filtered and con¬ 
centrated as in the Twitchell process. 

Due tp the difficulties of working the autoclave saponifi¬ 
cation with lime, decomposing the large amount of lime 
soap obtained and dealing with much gypsum formed 
thereby which collects as a sediment and necessitates clean¬ 
ing the tanks, other substances are used to replace lime. 
Magnesia, about 2 per cent, of the weight of the fat, is used 
and gives better results than lime. One-half to 1 per cent, 
of zinc oxide of the weight of the fat is even better 
adapted and is now being e.\tensively employed for this 
purpose. In using zinc oxide it is possible to recover the 
zinc salts and u.sc them over again in the digestor, which 
makes the process as cheap to work as with lime, with far 
more satisfactory results. 

ACID SAPONIFICATIOK. 

While it is pos.sible to saponify fats and oils in an auto¬ 
clave with the addition of acid to the fat, unless a specially- 
constructed digestor is built, the action of the acid on the 
metal from which the autoclave is con.structcd prohibits 
its use. The acid saponification is therefore carried out by 
another method. 

The method of procedure for acid saponification, there¬ 
fore, is to hr.st purify tlic fats with dilute acid as already 
described. The purified, hot or warm, dry fat is then run 
to a specially-built acidifter or a lead-lined tank anS from 
4 per cent, to 6 per cent, of concentrated sulfuric acid 
added to the fat, •depending uimn its character, the degree 
of saponification required, temperature and time of sapon¬ 
ification A temperature of 110 degrees C. is maintained 
and the mass mixed from four to six hours. The tank is 
then allowed to settle out the tar formed during the sapon- 
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ification, and the fatty acids run off to another tank and 
boiled up about three times with one-third the amount of 
water. The water thus obtained contains tlie glycerine, 
and aifler neutralization is concentrated. ' 

AQUEOUS SAPONlnC.STION. 

. While lime or a similar substance is ordinarily used to 
aid in splitting fats in an autoclave, the old water process 
is still used. Ihis is a convenient, though slower and 
incu’e dangerous method, of produring the hydrolysis of 
the glyceride, as well as the siinjiic.sl in that fatty acids 
and glycerine in a water srilution are (ditained. The method 
consists in merely charging the autoclave with fats and 
adding about .W i>cr cent, to 40 |)er eent. of their 
weight of water, depeiiibng on the amount of free 
fatty acid and suhjecling the charge to a pres- 
.sure of 150 to .KIO poinidv, until the splitting has 
taken place. 'I his is a nineh higher pressure than when 
lime is used and therefore a \ erv strong ant(>clave is re¬ 
quired. Since fatty acids and pine glycerine water are 
obtained no .suhsetiuent treatment of the finished charge is 
necessary except separating the gheerinc water and giving 
the fatty acids a wash with water to remove all the 
glvrerine from them. 

spurriNr, fats wiiit ferments. 

In discussing the cau.ses t'f rancidity of oils and fats it 
was pointed out that the initial splitting of these is due 
to enzymes, organized ferments. Tn the seeds of the 
castor oil plant, especially in the protoplasm of the seed, 
the enzyme which has the properly of Causing hydrolysis 
of the glycerides is found. The ferment from the seeds 
of the castor oil plant is now extracted and used upon a 
commercial basis for .splitting fats. 

The equipment necessary to carry out this method of 



SOAP-MAKING MANUAL 


saponilication is a round, iron, lead-lined tank with a conical 
bottom, preferably .about twice as long as it is wide. Open 
and closed steam coils are al.so necessary in the tank. 

The oils are first heated and run into this tank. ' The 
right temperature to heat these to is about 1 degree to 2 
degrees above their solidification point. For liquid oils, 
23 degrees C. is the proper heat as under 20 degrees C. 
the cleavage takes place slowly. Fats titering 44 degrees 
C. or above must be brongbt down in titer by mixjng 
with them oil.s of a lower titer as the ferment or enzyme 
IS killed at about d.'i degrees C. anil thus loses its power 
of splitting. It is also necessary to have the fat in the 
liquid state or the ferment docs not act. The proper 
temperature must be maintained with dry steam. 

It i.s, of course, necessary to add water, which may be any 
kind desired, condensed, water from steam coils, well, city, 
etc. From 30 per cent, to 40 per cent., on the average 35 
per cent, of water is added, as the amount necessary is 
regulated so as to not dilute the glycerine water unneces¬ 
sarily. To increase the hydrolysis a catal>/er. some iKU- 
tral salt, usually manganese sulfate is added in the propor¬ 
tion of 0.15 per cent, appears to v.iry directly as the 
saponification number of the fat or oil. The appro.ximate 
percentages o4 fcrmentiie substance to be added to various 
oils ,'iiid fats follow: 


Cocoanut oil . 8 % 

Palm Kernel od .8 

Cottonseed oil.c . 6-7 % 

I-insced od ,. 4-5 % 

Tallow oil. 8-l(>% 


The oil, water, manganese sulfate and ferment having 
been placed in the tank in the order named, the mixture is 
agitated with air for about a qiftrter of an hour to form 
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an even emulsion, in which state the mass is kept by stirring 
occasionally with air while the saponification is taking 
place. A temperature is maintained a degree or two above 
thcvtitcr point of the fat with closed steam which may 
be aided by covering tlie tank for a period of 24 to 48 
hours. The splitting takes place rapidly at first, then pro¬ 
ceeds more' slowly. In 24 hours 80 per cent, of the fats are 
split and in 48 hours 85 per cent, to 90 per cent. 

When the cleavage has reached the desired point the 
nftss is heated to 80 degrecs-85 degrees C. with live or 
indirect steam while stirring with air. Then 0.1 per cent.- 
0.15 per rent of concentrated sulfuric acid diluted with 
water is added to break the emulsion. When the emulsion 
is broken the glycerine water is allowed to settle out and 
drawn olT. The glycerine water contains 12 per cent, 
to 25 per cent, glycerine and contains manganese sulfate, 
sulfuric acid and albuminous matter. Through neutralisa¬ 
tion with lime at boiling temperature and filtration the 
impurities can almost all be removed after which the 
gjj'cerine water may be fed to the evaporator. Should it be 
desired to overcome the trouble due to the gypsum formed 
in the glycerine, the lime treatment may be combined with 
-i previous Ireatment of the glycerine water with barium 
hydrate to remove the sulfuric acid, then lafer oxalic acid 
to precipitate the lime. 

The tatty acids obtained by splitting with ferments are of 
verjj,good color and adaptable for snap making. 

KRFJUT7. |•kl CK^S. 

Tbe Ku'bitz process Vhich has been used to some extent 
in Europe is based upon the convetsio'n of the fat or oil 
into lime soap which is transformed into the soda soap by 
the addition of sodium carbonate. To carry out the process 
a conienient batch of, say, 10,000 pounds of fat or oil, is run 
into a shallow kettle containing 13X) to 1,400 pounds of lime 
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previously slaked with 3,700 to 4,500 pounds of water. The 
mass is slowly heated with live steam to almost boiling 
until an eniulaion is olUained. J'hc tank is then covered 
and allowed to stand about 12 hours. The lime soap thus 
formed is dri'jiped from the tank into the hopper of a 
mill, finely ground and conveyed to a leeching tank. The 
glycerine is washed out and the glycerine water run to a 
tank for ivaimratii'n. 'Jhc soap is then further washed 
and these washings are run to other tanks to he used o\et 
again to wash a fresh bateli ,if sigip. About ISO.fXX) pounds 
of water will wash the .so.ip made from 10,0011 pounds of 
fat which makes hciween l.s.OOU and 10,000 pounds of soap. 
The first wash conlains api'roxinialcly Iti per cent, glycer¬ 
ine and under ordin.iry ciicumstances this only need he 
eiaporated for glycerine recovery. 

After extracting the gljceiine the s.iap is slowly intro¬ 
duced into a boiling soluti..ii of sodium carbonate or soda 
ash and boiled until the soil.i has replaced the lime. This 
fs indicated by the disaiiiictiraiice of the small lumiis of 
lime soap. Can-tic seda is then added to saponify the fat 
i.ol C'lmerti'd by the Iniie 'aporinc.ition. The .soap is linn 
salted out .and allowed to si tile out the calcium carbonate. 
This drops to the hotlom of the kettle as a heavy sludge 
etitangling alsjut in jicr cent, of the so.ip. .A iiorlion of 
“ihis soap m.ay be rccovcied In aeii'iting the sludge with 
heal and water, piinipiTig llic s<,,ap .iff the toil and filtering 
the remaining .shidgc. ^ 

Wiiile the s,,;,p ilni, otit:iitiod is veiy g"od. the iicrccnt- 
age of glycerine rtco.irtd is giettly incrc.i'-cd and the 
(ost of alkali a- c.'ubonatc is les, The disadv.njtages are 
many. Large quantities of lime arc requited: it is difficult 
to recover the soap from the lime sludge; the operations are 
nuilierous.prior to the soap making [iropcr and rather com¬ 
plicated apparatus is requin d. 
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DISTILLATION OF FATTV AI3DS. 

Tlic fatly acids obtained by various methods of saponifi¬ 
cation may be further improved by distillation. 

rti order to carry out tliis distillation, two methods may 
be inu'sued, first, the coiitimioiis method, whereby the 
fatty acids are continually di.-.lilled for five to six days, 
and, second, the two phase method, whereby the dislilla- 
lion continues for 16 to 20 hours, after which the residue 
i.s drawn off, treated with acid, and its distillate added 
to a fresh cliaryc of fatly acids. The latter method is by 
far the best, since the advaniajues derived by thus pro¬ 
ceeding more than compensate the necessity of cleaning 
the still. Heller colored falty acids arc obtained; less 
unsaponifialde mailer is contained ihercin; there is no 
accumulation of impurities: the amount of neutral fat 
is los.sened liecanse the treatment of the tar with acid 
causes a cleav.ige of the neutral fat and the candle tar or 
|)ilc1i obtained i.s liardcr and better and thus more valu- 
•dde. 

'I be stills are usually built of copper, which are heated by 
I'olb diiect lire and siiiierlieated steam. Distillation under 
\acuum is adcisable. To begin the distilling o|icratioii, the 
till is first tilled with dry hot fatty acids to the proper 
Iced Su|ieiheatcd steam is then admitteiT and the con», 
ilcnscr Is first bcaleil to pretent the freezing of the fatty 
acids, passing oter into .same. When the temperature 
ic.ii*tle= 2.10 deg. C. the distillation begins. .At the begin¬ 
ning, the fatty acids l^nv from ihc coiidensor, an intense 
green color, due to the formation of copper .soaps produced 
by the action of the fatty acids on the copper still. This 
color may easily be removed by treating with dilute acid 
to decompose the copper soaps. 

In vacuum distillation, the operation is begun without 


125 



SOAT-MAKTNfi MANUAL 

the use of vacuum. Vacuum is introduced only when the 
distillation has proceeded for a time and the introduction 
of this must be carefully regulated, else the rapid influence 
of vacuum will cause the contents of the still to overflow. 
When distillation has begun a constant level of fatty acids 
is retained therein by opening the feeding valve to same, 
and the heat is so regulated as to produce the desired rate 
of distillation. .\s soon as the distillate flows darker and 
slower, the feeding valve to the still is shut olT an<l the 
distillation continued until most of the contents of the still 
arc distilled off, which is indicated by a rise in the tempera¬ 
ture. Distillation is then discontinued, the still shut down, 
and in about an hour the conleuts are snflicientl> cool to 
be emptied. The residue is run off into a proper receiv¬ 
ing vessel, treated with dilute acid and used in the distil¬ 
lation of tar. 

In the distillation of tar the same method as the above 
is followed, only distillation proceeds at a higher tempera¬ 
ture. The first portion and last portion of the distillate 
from tar are so dark that it is necessary to add them to 
a fresh charge of fatty acids. Ily a well conducted dislH- 
lation of tar about 50 per cent, of the fatty acids from the 
tar can be used to mix with the distilled fatty acids. The 
residue of this operation called steariue pitch or candle tar 
..consists of a hard, brittle, dark substance. Ela.stic pitch 
only results where distillation has been kept constant for 
several days without inlernipting the process, and re¬ 
distilling lilt; tar. In ,i good distillation the distillftion 
loss is 0.3 to 1,.5'r. and loss it. iii^th l.S',;. h'atly acids 
which are not acit^ified deliver about 3'// of pitch. Very 
ii.ipure fats yield even a higher percentage in spite of 
acidifying. For a long time it was found impossible to 
find any use for stearine pitch, but in recent years a use 
has been found for same in the electrical installation of 
cabl^. 
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CHAPTER VI 

Analytical Methods. 

While it is possible to attain a certain amount of 
efficiency in determining the worth of the raw material 
entering into the manufacture of soap through or¬ 
ganoleptic methods, these are tiy no means accurate. 
lt_is, therefore, necessary to revert to chemical meth¬ 
ods to eorrcctly determine the selection of fats, oil or 
other substances used in soap making, as well as stand¬ 
ardizing a particular soap manufactured and to properly 
regulate the glycerine recovered. 

It is not our purpose to cover in detail the numerous 
analytical prores.scs which may be employed in the ex¬ 
amination of fats and oils, alkalis, soap and glycerine, 
as these are fully • and accurately covered in various 
texts, but rather to give briefly the necessary tests 
which ought to be carried out in factories where large 
amounts of soa|i are made. Occasion often arises where 
it is impossible to employ a chemist, yet it is possible to 
have this work done by a competent person or to have 
•omconc instruct himself as just how ^to carry out 
the more simple analyses, which is not a very difficult* 
matter. The various standard .solutions necessary to 
carrying out the simpler titrations can readily be pur- 
chaStd from dealers in chemical apparatus and it does 
not take extraordinary intelligence for anyone to op¬ 
erate a burette, yet in many soap plants in this country 
absolutely no attention is paid to the examining of raw 
material, though many thousand pounds are handled 
annually, which, if they were more carefully examined 
would result in the saving of much more money than 
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it costs to examine them or have them at least occa¬ 
sionally analyzed. 

ANALYSIS 111- I'Vrs AND OII.S. 

In order to arrive at proper results in the analysis 
of a fat or oil. it is necessary to have a proper sample. 
To obtain this a sample of several of the packattes of 
oil or fat is taken and these ini.xed or molten toRothcr 
into a composite sample vvhieh is used in niakinj; the 
tests. If the oil or tat is solid, a tester is used in taking 
the sample from the package and if they are liquid, it 
is a simple matter to draw off a uniform sample from 
each package and from the.se to form a comi>osite 
sample. 

In purchasing an oil or fat for soap making, the manu¬ 
facturer is usually interested in the -itnotint of free fatty 
acid contained therein, of moisture, the titer, the jier- 
centage of unsaijoniliahle inalicr and to previously de¬ 
termine the color of soap which will he ohtained where 
color is an object. 

DETERM IN'ATK»N OK VKTS. FATTY ACIDS. 

Since the free fatty acid content of a fat or oil represents 
a loss of glyecrine, the greater the percentage of free 
..fatty acid, the less glycerine is contained in the fat or 
oil. it is advisable to purchase a fat or oil with the lower 
free acid, other properties and the price being the same. 

While the mean molecular weight of the mixcd^ce 
fatty acids varies with the same,and different oils or 
fats and should. be determined for any particular 
analysis for accuracy, the free fatty acid is usually ex¬ 
pressed as oleic acid, which has a molecular weight of 
282. 

To carry out the annly sis 5 t? 20 grams of the fat arc 
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weighed out into an Erlcnmeyer flask and SO cubic cen¬ 
timeters of carefully neutralixed alcohol are added. In 
order to neutralize the alcohol add a few drop.s of 
I>\jcnolphthaIein solution to .same and add a weak 
caustic soda solution drop by drop until a very faint 
pink color is obtained ui)oii shaking or stirring the 
alcohol thoroushly. The mi.'cture of fat and neutralized 
alcohol is then heated to boiling and titrated with tenth 
normal alkali solution, u.sing phenolphthalein as an in¬ 
dicator. As only the free fatty acids are readily soluble 
in the alcohol and the fat itself only .slightly nii.ves .with 
it, the flask should be well agitated toward the end of 
the titration. When a faint pink color remains after 
thoroughly agitating the flask the end point is reached. 
In order to calculate the percentage of free fatty acid 
as oleic acid, multiply the number of cubic centimeters 
of tenth normal alkali used as read on the burette by 
O.Odfli and ilividc by the number of grams of fat taken 
for the <lelcrmiiiation and multiply by 100. 

When dark colored oils or fats arc being titrated i; is 
often difiieult to obtain a good end point with phenolph- 
tbalein. In such cases about 2 cubic centimeters of a 
2 per emit, alcojiolic solution of Alk,ali Bine 6 B is 
recommended. ^ 

.Another method of directly determining the free {at*y 
acid ' oiitent of tallow or grease upon which tliis de¬ 
termination is most often made is to weigh out into an 
fficmneycr flask exactly S.64S grams of a sample of 
tallow or grease, ^dd about 75 cubic centimeters of 
neutralized alcohol. Heat until it bmls, then titrate with 
tenth normal alkali and divide the reading by 2, which 
gives the percentage of free fatty acid as oleic. If a 
fifth m rmal caustic solution i" used, the reading on the 
burette gives the percentage of free fatty acid directly. 
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This method, while it eliiniiiates the necessity of calcula¬ 
tion, is troublesome in that it is diflirtilt to obtain the 
exact weight of fat. 

MOISTURE. 

To calculate the amount of moisture contained in a fat 
or oil 5 to 10 grams are weighed into a Hat bottom dish, 
together with a known amount of clean, dry .sand, if it 
is so desired. The dish is then healed over a water 
bath, or at a temperature of 100-110 degs. C, until it 
no longer loses weight upon drjing and rewcighing thi; 
dish. One hour shoiilil elapse between the time the 
dish is put on the water bath and the time it is taken oO 
to rewcigh. The difference between the weight of the 
dish is put on the water bath and the time it is taken off 
when it reaches a constant weight is moisture. This 
difference divided by the original weight of the fat or 
oil X 100 gives the percentage of moisture. 

When highly unsaturated fats or oils arc being ana¬ 
lyzed for moisture, an error may be introduced either 
by the absorption of oxjgen, which is accelerated at 
higher temperature, or by the formation of volatile fatty 
acids. The former causes an increase in weight, the 
latter causes a decrease. To obviatd this, the above 
operation of diying should be carried out in the pres- 
etice of some inert gas like hydrogen, carbon dioxide, 
or nitrogen. 

TITER. 

The titer of a fat or oil is really^an indication of the 
amount of stearic ^cid contained therein. The tiler, 
expressed in degrees Centigrade, is the solidification point 
of the fatty acids of an oil or fat. In order to carry out the 
operation a Centigrade thermometer graduated in one or 
two-tenths of a degree is necessary. _ A thermometer grad- 
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uated between 10 (legs, centigrade to 60 degs. centi¬ 
grade is best adapted and the graduations should be 
clear cut and distinct. 

to make the determination about 30 grams of fat are 
roughly weighed in a metal dish and 30-40 cubic centi¬ 
meters of a 30 per cent. (36 degs. Baumc) solution of 
sodium hydro.xide, together with 30-40 cubic centimeters 
of alcohol, denatured alcohol will do, arc added and the 
mass heated until saponified. Heat over a low flame or 
over an a.sbestos plate until the soap thus formed is dry, 
constantly stirring the contents of the dish to prevent 
burning. The dried soap is then dissolved in about 1000 
cubic cciilimetcrs of water, being certain that all the 
alcohol has been expelled by boiling the soap solution 
for about half an hour. When the soap is in solution 
add sufficient sulphuric acid to decompose the soap, ap¬ 
proximately 100 cubic centimeters of 25 degs. Baumc 
sulphuric acid, and boil until the fatty acids form a clear 
layer on top of the liquid. A few pieces of pumice stone 
put into the mixture will prevent the bumping caused by 
boiling. Sijihon off the water from the bottom of the 
dish and wash the fatty acids with boiling water 
until free from, sulphuric acid. Collect the fatty 
acids in a small casserole or beaker and dry them over 
a steam bath or drying oven at 110 de|s. Centigrade 
When the fatty acids are dry, cool them to about 10 
d(^s. above the titer expected and transfer them to a 
tifir tube or short test tube which is firmly supported 
by a cork in the opct)ing of a salt mouth bottle. Hang 
the thermometer by'a cord from aljove the supported 
tube so it reaches close to the bottom when in the titer 
tube containing the fatty acids and so that it may be 
used as a stirrer. Stir the mass rather slowly, closely 
noting the temperature. The temperature will grad- 
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ually fall duriiiij the stirriiiK oiicraliim and finally re¬ 
main stationary for half a minute or so then rise from 
0.1 to 0.5 degs. The highest goint to which the mer¬ 
cury rises after having been stationary is taken as /he 
reading of the titer. 

DilERMlNATlON l)K UNS.MMNlFl.tBLE M.\TTER. 

In order to determine the unsaiionifiahle matter in 
fats and oils they are first saponitied, then the unsaponi- 
fiable, which consists mainly of hydrocarbons and the 
higher alcohols cholesterol or phytostcrol, is extracted 
with ether or petroleum ether, the ether evajiorated 
and the residue weighed as unsaponifiabic. 

To carry out the process first saponify about 5 grams 
of fat or oil with an excess of alcoholic, iiolassiuin hy¬ 
drate, 20-30 cubic centimeters of a i to 10 solution of 
potassium hydroxide in alcohol until the alcohol is 
evaporated over a steam bath. Wash the soap thus 
formed into a seiiaratory lunnel of 200 cubic ceiuimcler,> 
capacity with 80-100 cubic centimeters water. Then 
add about 60 cubic centimeters of ether, petroleum 
ether or 86 degs. gasoline and thoroughly shake the fun¬ 
nel to extract the unsaiionifiablc. Shocild the two layers 
n,ot separate readily, add a few cubic centimeters of 
alcohol, wdiicfi will readily cause them to separate. 
Draw off the watery solution from beneath and wash 
the ether with water containing a few drops of sodium 
hydrate and run to another dish. Tour the watery sofu-' 
tion into the funnel again and Repeat the extraction 
once or twice moje or until the ether shows no dis¬ 
coloration. Combine the ether extractions into the fun¬ 
nel and wash with water until no alkaline reaction is 
obtained from the wash water. Run the ether extract 
to a weighed dish, evaporate and dry rapidly in a drying 
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oven. As some of the hydrocarlKins are readily volatile 
at 100 degs. Centigrade, the drying should not be car¬ 
ried on any longer than necessary. The residue is then 
weighed and the original weight of fat taken divided 
into tlic weight of the residue X 100 gives the percentage 
unsaponifiable. 

TEST TOR COLOR OF SOAP. 

It is often desirable to determine the color of the fin¬ 
ished soap hy a rapid determination before it is made 
in^o soap. It often happens, especially with the tallows, 
that a dark colored sample produces a light colored 
soap, whereas a bleached light colored tallow produces 
a .soap off shade. 

To rapidly determine whether the color easily washes 
out of the tallow with lyc, 100 cubic centimeters of tal¬ 
low are saponified in an enameled or iron dish with 
100 cubic centimeters of 21 degs. Baume soda lyc and 
100 cubic centimeters of denatured alcohol. Continue 
heating over a wire gauze until all the alcohol is ex- 
p<Jled and then add 50 cubic ccntimeter.s of the 21 degs. 
Baume lye to grain the soap. .Allow the lyes to settle 
and with an inverted pipette draw off the lyes into a 
test tube or bottle.* Close the soap with 100 cubic centi¬ 
meters of hot water and when closed agjin grain with 
.■iO cubic centimeters of the lye by just bringing to t 
boil over an open flame. Again allow the lyes to settle 
aiy^put aside a sample of the lyc for comparison. Re- 
fjcat the process of closing, graining and settling and 
take a sample of lye.* If the lye is still discolored re¬ 
peat the above operations again or until the lyc is color¬ 
less. Ordinarily all the color will come out with the 
third lye. The soap thus obtained contains considerable 
water which makes it appear white. The soap is, there¬ 
fore, dried to about IS per cent, moisture and examined 
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for color. The color thus obtained is a very good cri¬ 
terion as to what may be expected in the soap kettle. 

By making the above analyses of fats or oils the main 
properties as to their adaptability for being made ittto 
soap arc determined. In some ca.ses, csiiecially where 
adulteration or mixtures of oils arc suspected, it is nec¬ 
essary to further analyze same. The methods of carry¬ 
ing out these analyses are fully covered by various texts 
on fats and oils and we will not go into details regard¬ 
ing the method of procedure in carrying these out. 

TE.STING OF .M.K.M.IS I'.SKU IN SO.\P M XKINO. 

The alkalis entering into the manufacture of soap such 
as caustic soda or sodium hydroxide, caustic potash or 
potassium hydrate, cartionale of soda or sodium carbonate, 
carbonate of potash or potassium carlionatc usually con¬ 
tain impurities which do not enter into combination with 
the fats or fatty acids to form soap. It is out of the ques¬ 
tion to use chemically pure alkalis in soap making, hence 
it is often necc.ssary to determine the alkalinity of jn 
alkali. It may again he pointed out that in saponifying a 
neutral fat or oil only caustic soda or potash are efficient 
and the carbonate contained in these enly combines to a 
more or less extent with any free fatty acids contained in 
file oils or fats. Caustic soda or potash or lyes made 
from these alkalis upon exposure to the air are grad¬ 
ually converted into sodium or potassium carhonatejv^ 
the action of the carlion dioxide contained in the air. 
While the amount of carbonate th*s formed is not very 
great and is greate.«t upon the surface, all lyes as well as 
caustic alkalis contain some carbonate. I'liis carbonate 
introduces an error in the analysis of caustic alkalis when 
accuracy is required and thus in the analysis of caustic 
soda or potash it is necessary t*) remove the carbonate 
IM 
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»hen the true alkalinity as sodium hydroxide or potas- 
iium hydroxide is desired. This may be done by titration 
n alcohol whicit has been neutralised. 

ki order to determine the alkalinity of any of the above 
nentioned alkalis, it is first necessary to obtain a repre- 
!cntativc sample of the substance to be analyzed. To do 
:his take small samples from various portions of the pack- 
ige and combine tlicin into a composite sample. Caustic 
liotasli and soda arc hygrnscoiiic and samples should be 
weighed at once or kept in a well stoppered bottle. Sodium 
or potassium carbonate can be weighed more easily as 
tbfl' do not rapidly absorb moisture from the air. 

To weigh the caustic soda or potash place about five 
grams on a watch glass on a balance and weigh as rapidly 
as possible, \yash into a .fiOO cubic centimeter volumetric 
flask and bring to the mark with distilled water. Pipette 
off 50 cubic centimeters into a 200 cubic centimeter beaker, 
dilute slightly with distilled water, add a few drops of 
methyl orange indicator ;ind titrate with normal acid. 
Fgr the carbonates about 1 gram may be weighed, washed 
into a 400 cubic centimeter beaker, diluted with distilled 
water, methyl orange indicator added and titrated with 
normal acid. It is* ailvisablc to use methyl orange indi¬ 
cator in these titrations as phcnolphthaleinsis affected b^ 
the carbon dioxide generated when an acid reacts with a 
carbonate and does not give the proper end point, unles.s 
til^solution is boiled to e.xpel the carbon dioxide. Litmus 
may also be used as the indicator, but here again it is 
necessary to boil as carbon dioxide also affects this sub¬ 
stance As an aid to the action of thfse common indica¬ 
tors the following table may lie helpful: 
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Color in Color in 

Indicator. .Acid Alkaline Action of 
Solution. Solution. CO,. 

Methyl orange Red Yellow Very slightly a*id 

Phenolphthalcin Colorless Re<l Acid 

Litmus Red Ulue Acid 

It may be further stated that methyl orange at the neu¬ 
tral point is orange in color. 

To calculate the percentage of efieetive allali from the 
above titrations, it must be fir.st pointed out that in tltc 
ease of caustic potash or .soda aliquoit portions arc 
taken. This is done to reduce the error necessarily tii- 
volvcd by weighing, as the absoriuion of water is dcHtidcd. 
Thus we had, say, exactly 5 gram.s which weighed .a.OS 
grams by the time it was balanced. Thi.s was dissolved 
in SiX) cubic centimeters of water and 50 cubic centimeters 
or one tenth of the amount of the sohilion was taken, or 
in each .iO cubic centimeters there were 0..^5 grams of the 
sample. V,’c thus reduced the error of weighing by one 
tenth provided other C'ndititms introduce no error, tn 
the ease of tl‘o carbonates the weight i.s taken directly. 

One cubic centimeter of a normal arid solution is the 


equivalent of: • Grams. 

Sodium Cqrhon..tc, Na.CO, . 0.0530S 

Sodium Hydroxide, NaOII. 0.04006 

Sodium Oxide. Na,0. 0.02905 

Carbonate KjCOj. 0.06908 

Potassium Hvdoxide, KOii. 0.05616 

Potassium Oxide. Ku').‘. 0.04715 


Hence to arrive at the alkalinity we multiply the num¬ 
ber of cubic centimeters, read on the burette, by the factor 
opposite the terms in which we de.sirt to express the al¬ 
kalinity, divide the weight in grams thus obtained by the 
original weight taken, and multiply the result by 100; 
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which gives tlie percentage of alkali in the proper terms. 
For example, say, we took tlic 0.505 grams of caustic 
potash as e.-iplained above and required 8.7 cubic centi- 
inetgr normal acid to neutralize the solution, then 

8.7 X .0.5010 =. .4886 grams KOU in sample 
.4886 

- X 100 — 00.73% KOH in sample. 

.505 

Caustic potash often contains some caustic soda, and 
while it is possible to express the results in terms of KOH, 
regardless of any trouble that may be caused by this mix¬ 
ture in soap making, an error is introduced in the results, 
not all the alkali being caustic potash. In such cases it is 
advisable to cunsnlt a book on analysis as the analysis 
is far more complicated than those given uc will not 
consider it. lUie presence of carbonates, as already stated, 
.also causes an errtjr. To o\ ercomc this the alkali is titrated 
in absolute alcohol, liltering oil the insoluble carbonate. 
The soluble (lortion is caustic hydrate and may be titrated 
as such. The carbonate remaining on tlie filter paper is 
dissolved in water and titrated as carbonate. 

SOAV ANALYSIS. 

To obtaiii a sangile of a cake of soap for analysis is a 
rather difficult matter as the moisture contem of the outer 
and inner layer varies considerably. To overcome this 
difficulty a borer or sampler may be run right through 
the cake of soap, or slices may be cut from various parts 
•^Hf'the cake, or the cake may be cut and run through a 
meat chopper several, times and mixed. A sufficient 
amount of a homogeneous sample obtained by any of these 
methods is preserved for the entire analysis by keeping the 
soap in a securely stoppered bottle. 

The more imjiorfant determinations of soap are moist¬ 
ure, free alkali, or fatty acid, combined alkali and total 
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fatty matter. Besides these it is often necessary to de¬ 
termine insoluble matter, glycerine, unsaponifiable matter, 
rosin and sugar. 


MOISTURE. 

The analy<i.^ of soap for moisture, at its best, is most 
unsalisfartory. for by beating it is impossible to drive off 
all the water, and on tbc oilier hand volatile oils driven 
off by boat arc a part of the loss represented as moisture. 

Tbc usual method of determining midsturc is to weigh 
2 to 3 prams of finely .shaved soap on a watch glass and 
lieat in an oven at 10.^ degrees C. for 2 to 3 hours. The 
loss in weight is rei»rcscnted as water, although it is really 
itnpossible to drive oft all the water in this way. 

To (jvercome the difficulties jn.st menti^J^led either the 
Smith or I'ahrion mcllu>d may be used. Allen recom¬ 
mends .‘Smith's meihod which is said to he truthful to 
witliin (1.25 per cent. Fahrion’s meihod. according to 
the anihor, gives reliable results to within 0.5 per cent. 
Both are more rapid than the above manipnlatifm. •To 
carry out the methoil ni Smith. .S to 10 grams of finely 
ground .-oap are healed over a sand b.alh with a small 
Btinsin flame I cmaili it, in a large* porcelain crucible. 
The heating *1.ikes 20 to 30 niinntes, or until !]■> furthei 
evidence is jirc'.ent of water being driven (iff. This may 
be tested by the ff gging of a C(dd piece of glass held over 
the crucible immediately up()n renuiving the burner. Wjiiiij 
no fog appears tbe soap is con.sidcred dry. .Any lumps ol 
soap may lie broken up by a sniall^lass rod, weighed witli 
ths‘ crucible, and with a roughened end to more easily 
separate the lumps. Should the soap burn, this can rcadil) 
be detected by the odor, which, of cour.se, rcnder.s th< 
analysis useless. The loss iif weight is moisture. 
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By Fahrion’s method*, 2 to 4 grams of soap arc weighed 
in a platinum crucible and about three times its weight 
of oleic acid, which has been heated at 120 degrees C. until 
all^the water is driven off and prc*5crved from moisture, 
is added and reweighed. The dish is then cautiously 
heated with a small flame until all the water is driven off 
and all the soai> is dissolved. Care must be exercised not 
to heat too highly or the oleic acid will decoiniK>sc. I he nut- 
meut the water is all driven off a clear solution is formed, 
provided no fillers arc present in the soap. The dish is 
then cooled in a dcssicator and reweighed. The loss in 
weight of acid plus soap is moisture and is calculated on 
the w’cight of soap taken. This determination takes about 
fifteen minutes. 


KKRE ALKALI OR ACTO. 

(a) Alcoholic Method. 

Test a freshly cut surface of the soap with a few drops 
of an alcoholic phenolphihalcin solution. If it does not 
turn red it may he assumed free fat is present; should a 
red color appear, free alkali is present. In any case dis- 
sob’c 2 to 5 grams of soap in 100 cubic centimeters of 
nenlrali^ed alctdiol and heat to boiling until in solution. 
I'ilter <fff the umli.ss'dvcd portion containing carbonate, 
etc., and wash witli alcohol Add phenolphthalein to ^le 
filtrate and titrate witli N/10 acid and calculate the per 
cent, of free alkali as sodium or potassium hydroxide, 
^ould the filtrate be acid instead of alkaline, titrate with 
N/10 alkali and calculate the percentage of free fatty acid 
as oleic acid. 

The insoluble i>ortinn remaining on the filter paper is 
washed with water until all the carbonate is dissolved. 
The washings arc then titrated with N/10 sulfuric acid 
^eiTAngew Chem 19. 385 (1906). 
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nixt expressed as sodiimi or pulassium carbonate. Should 
borates or silicates be present it is possible to express in 
terms of these. If borax is present the carbon dioxide is 
boiled off after neutraliring exactly to methyl orange; cool, 
add mannite and phcnolphllialein and titrate the boric acid 
with standard alkali. 

(h) Bossliard and Iluggenberg Melhod.i 

In using the alcoholic method for the determination of 
the free alkali or fat in .soap there is a possibility of both 
free fat and free alkali being present. Upon boiling in an 
alcoholic solution the fat will be saponiHcd, thus intro¬ 
ducing an error in the analysis. The method of Bosshard 
and Uuggenberg overcomes this objection. Their method 
is briefly as follows: 

Reagents. ^ 

1. N/10 hydrochloric acid to standardize N/IO alcoholic 
sodium hydroxide. 

2. Approximately N/10 alcoholic sodium hydroxide to 
fix and control the N/dO stearic, acid. 

3. N/40 stearic acid. Preparation: About 7.1 grams of 
stearic acid are dissolved in one liter of absolute alcohol, 
the solution filtered, the strength determined by titration 
against N/10 NaOH and then protected in a well stop- . 
pered bottle, < or better still connected directly to the 
burette. 

4. A 10 per cent, solution of barium chloride. Prepara¬ 
tion: 100 grams of barium chloride arc di.s.solved in one 
liter of distilled water and filtered. The neutrality of tile ' 
solution should be proven as it niivst be neutral. 

5. 0 naphtholphtbalcin indicator according to Soren¬ 
son. Preparation: 0.1 gram of a iiaphtholphthalcin is 
dissolved in 150 cubic centimeters of alcohol and 100 cubic 

tZrit Angew. Clirm. 27, It.20 (1914). 
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centimeters of water, I'or every U) ciiliic centimeters of 
liquid use at least 12 drops of indicator. 

6. I’hcnolplitlialein solution 1 gram to 100 cubic centi¬ 
meter 96 per cent, alcohol. 

7. Solvent, 50 per cent, alcohol neutralized. 

MANIlmATION. 

I'irst—Determine the .strength of the N/10 alcoholic so¬ 
dium hydroxide in terms of N/10 hydrochloric acid and 
ealcnlatc the factor, c. g.: 

10 c.c. N'/IO alcoholic NaOlI = 9.95 N/10 HCI j „„ 

10 c.c. N/ll) alcoholic NaOH = 9.96 N/10 HCI 5 
The alcoholic N/IO NatJH has a factor of 0996. 

Second—Control the N/10 stearic aciil with the above 
alkali t<) obtain its factor, e. g.; 

40 c.c. N/ 4 O alcoholic stearic a<id = 

10.18 c.c. N/10 NaOIIl 

40 c.c. N/40 alcoholic .stearic acid ^ } 10.2 

10.22 c.c. N/10 NaOilJ 

10.2 X l'N/IONat)ll (0.996) = Ibactor N/40 stearic acid 
.'.factor N/40 stearic acid ■- 1.016. 

Third- Aliout 5 grams of soap arc weighed and dis¬ 
solved in 100 enhis centimeters of 50 per cent, neutralized 
alcohol in a 2.50 cubic centimeter Krlenmeyy flask over a 
water bath and connertid with a relliix condensor. WhCn 
completely dissolved, which takes but a few moments, it 
is cooled by .allowing a stream of running w'ater to run 
"Ht’er the outside of the flask. 

I'ourth—The soap i* precipitated with 15 to 20 cubic 
centimeters of the 10 per cent, barium chloride solution. 

I’ifth—After the addition of 2 to 5 cubic centimeters of 
a napluholpbthafein aohtion the sahition is titrated with 
N/40 aleoholic steaiic arid, a naphtholphtlialein is red 
with an excess of stearic acid. To mark the color changes 
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it is advisable to first ntn a few blanks until the eye lias 
become accustomed to the change in the imlicator in the 
same way. The change from green to red can then be 
carefully observed. 

Let us presume 5 grams of soap were taken for the 
analysis and 20 cubic centimeters of N/40 stearic acid 
w'ere rennired for the titration then to calculate tin* 
amount of NaOIl .since the stearic factor is l.OlO. 

20 X L()I6 — 20.32 X/40 stearic acid really reqniretl. 

1 cubic centimeter X/40 stearic acid 0.02 per cent. 
XaOH for 5 grams soap. 

A 20.32 culiic centimeters X/4() stearic acid O.Oi ' 
2032 per cent. XaOlJ for S grams soap. 

Hence the S(*ap contains 0.40f)-l per c* nt. XaOll. 

It is n<•ce^sary. houever, to make a cornVtion by this 
method. When the free alkali amounts li» over 0.1 per 
cent, the correction i.s -f 0.01, and when the free alkali 
exceeds 0.4 per cent, the conection is 4 004, bcncc in tlic 
above case we multiply 00tl4t)(')4 by 0.04, add tin's amoinit 
to 0.0040f4 and multiiily by 100 to obtain the true peV- 
ceiitage. Should the alkaliiiit\ have been near 01 per cent, 
we would ba\e mullii^lied by O.Ol and added ibis. 

If ca^]^unate^i^ alM* present in the “"ap, anotlui 5 g^am^ 
of*soap is dissolved in UK) cubic centimeters of 50 per 
cent, alcohol and the solution titrated divectlv after cooling 
witli X/40 stearic aci<l. n.stng a naphthoipbthalcin or 
phenolphthalein as an inrlicator, wiihonl the addition i>T 
barium chloride, l•‘rom the dilTermice of the twf» titra¬ 
tions the alkali pre.'sent as carlionate is determined. 

If the decomjiO'*ed soaji solution <olorIcss with 
phcnolphllialein, free fatty acids are present, which may 
l>e quickly determined with al«oholic N/10 .sodium hy¬ 
droxide. 
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INS(iLUnl.K MATTE*. 

The insoluble matter in .soap may consist o{ organic or 
inqfganic substances. Among the organic substances which 
are usually present in soap are oat meal, bran, sawdust, etc., 
while among the common inorganic or mineral compound.s 
are pumice, silex, clay, talc, zinc oxide, infusorial earth, 
sand or other material used as lillcrs. 

'I'o dclerniinc insoluble matter, 5 grams of soap arc dis¬ 
solved in 75 cubic centimeters of hot water. The solution 
is liltercd through a weighed gooch crucible or filler paper, 
■file re.siiluc remaining on the filter is washed with hot 
water until all the soap is removed, is then dried to constant 
weight at 105 degrees C. and weighed, h’rom the difference 
in weight of the gooch or filter jiaper and the dried residue 
remaining tlie^reon after filtering and drying, the total per¬ 
centage of insoluble matter may easily he calculated. By 
igniting the re.sidiie and reweighing the amount of in- 
.enlnhle mineral matter can he readily determined. 

STARCH ANB 0EI..\Tr.\'E. 

^hould starch or gelatine he present in soap it is neces¬ 
sary to extract 5 grams of the soap with 100 cubic centi¬ 
meters of ''5 per cent, neutralized alcohol in a Soxhlet ex¬ 
tract! T until the residue on the extraction tliimble is ima 
powder form. If necessary the apparatus should be discon¬ 
nected and any lumps crushed, as these may contain soap. 
The residue remaining on the thimble consists of all sub¬ 
stances present in soaa insoluble in alcohol. This is dried 
and weighed so that any percentage of impurities not 
actually determined can he found by difference. Starch and 
gelatine arc separated from carbonate, sulfate and borate by 
dissolving the latter out through a filter with cold water. The 
starch and gelatine thus remaining can be determined by 
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known methods, starch by the method of direct hydrolysis' 
and gelatine by Kjcldahling and calculating the correspond¬ 
ing amount of gelatine from the percentage of nitrogen 
(17.9%) therein.’ 

TOT.tl, FATTy AND RESIN ACIDS. 

To the nitrate from the insoluble matter add 40 cubic 
centimeters of half normal sulfuric acid, all the acid being 
added at once. Boil, stir thoroughly for some minutes and 
keep warm on a water bath until the fatty acids have col¬ 
lected as a clear layer on the surface. Cool by (jlacing the 
beaker in ice and syphon oil the acid water through a filter. 
Should the fatty acids not readily congeal a weighed amount 
of dried bleached bees-wa.v or stearic acid may he added to 
the hot mixture. This fuses with the hot mass and forms a 
hrm cake of fatty acids upon cooling. \Vithout«rcmoving the 
fatty acids from the beaker, add about 3(X) cubic centimeters 
of hot water, eool. syphon off the water through the same 
filter used before and wash again. Repeat washing, eooling 
and syphoning processes until the wash water is no longer 
acid. When this stage is reached, dissolve any fatty add 
which may have remained on the filter with hot 9.i per cent, 
alcohol into the beaker containing the fatty acids, livap- 
orate the alcohol and dry the beaker to constant weight 
ovfr a water Bath. The fatty acids thus obtained repre¬ 
sent the combined fatty acids, uncombined fat and 
hydrocarbons. 

DETERMIN.\TIO,V OF ROSIN. 

If resin acids are present, this may be determined by 
the Liebcrmann-Storch reaction. To cairy out this test 
shake 2 cubic centimeters of the fatty acids with 5 cubic 

* Bull. 107, Bor. Chen. U. S. Depte ARriciilture. 

* Richards and Gics Am. J. Physiol. (1902) 7, 129. 
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centimeters of acetic anhydride; warm slightly; cool; draw 
off the anhydride and add 1:1 sulfuric acid. A violet 
color, which is not permanent, indicates the presence of 
roain in the soap. The cholesterol in linseed or fish oil, 
which of course may be present in the soap, also give this 
reaction. 

Should resin acids be present, these may be separated 
by the Twitchell method, which depends upon the difference 
in the behavior of the fatty and resin acids when con- 
wrted into their ethyl esters through the action of hydro¬ 
chloric arid. This may be carried out as follows; 

Three grams of the dried mived acids are dissolved in 
25 cubic centimeters of absolute alcohol in a 100 cubic 
centimeter stoppered flask; the llask placed in cold water 
and shaken. To this cooled solution 2.5 cubic centimeters of 
absolnte alco^ol saturated with dry hydrochloric acid is 
added. The flask is shaken occasionally and the action 
allowed to cmitinue for twenty minutes, then 10 grams of 
dry granular zinc chloride are added, the flask shaken and 
a^ain tdlowed to stand for tw'cnty minutes. The contents 
of the llask are then iionred into 200 cubic centimeters of 
water in a 5(X) cubic centimeter beaker and the lla-sk rinsed 
out with alcohols A small strip of zinc is ])l;iced in 
the beaker and the alcohol evaiiorated. JThc beaker is 
then cooled and transferred to a separatory funnel, wasli- 
ing out the beaker with 50 cubic centimeters of gasoline 
(boiling below 80 degrees C.) and extracting by shaking 
Ifhe funnel well. Draw off the acid solution after allowing 
to separate and wa.sln the gasoline with water untii free 
from hydrochloric acid. Draw off the gasoline solution 
and evaporate the gtisoline. Dissolve the residue in 
neutral alcohol and titrate witli standard alkali using 
phenolphthalcin as an indicator. One cubic centimeter of 
normal alkali equals 0.346 grams of rosin. The rosin may 


145 



SOAr-MAKlXC MANUAL 


be gravimctrically <lctcrinincd by washing the gasoline ex¬ 
tract with water, it net being necessary to wash absolutely 
free from acid, then iubling 0.5 gram of potassium 
hydroxide and 5 cubic centimeters of alenhol in 50 cubic 
centimeter.^ 'of water. Updii .■diaking the resin acids are 
rapidly saiMmihcd and extracted by the dilute alkaline solu¬ 
tion as ro.sin s<»aps, while the ethyl esters remain in .solution 
ill the gasoline. Draw otT tlio soap solution, w'ash the 
gasoline solution again with dilute alkali and unite the 
alkaline .scduiions. Decompose the alkaline soap solution with 
an excess of hydrochloric aci<l and weigh the lesin acidt 
liheratcd as in the determination of total fatty acids, 

Accor<ling to Lewlonvitscb, the results obtained by the 
vuluinetric method which assumes a combining weight of 
34d for resin acids, are vitv likely to be high. On the 
(.•ther hand those ol»tained by ih.e gravimetric method are 
too low. 

Leiste and Sticpel' have devised a simpler method b»r 
the determination of rosin. They make use of the fact 
that the resin acids as sodium ^*•ap^ are .sulublc in acetone 
and particularly acetone containing two per <’cnt. water, 
while the laity acid soaps are s*ilnl>1e in this solvent to 
the extent <‘f imU abfml 2 per cent, lursl of all it is 
i}ei;{*S'-ary to slitwv that the sample to be anal\7e<l eoniains 
a mixture of re-iin and fatty acids. I bi.s may be done 
by the Liebeniiann-Siorcb icaction already <lcscribcd. 
rd>cerinc interferes with the method. 'I wo grams of fatty^ 
acids or 3 grams of soap arc weighed in a nickel crucible 
and dissolved in 1.5-20 cubic centimeters of alcohol. 'I he 
solution i.s then neutralized wiili alcoholic sodium hydroxide, 
using plienoljihtlialein as an indicator. The mass is con¬ 
centrated l)y heat over an asbestos plate until a slight film 

1 Siifcnsitder Ztg. (1913) No. 46. 
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lorms over it. Then alifmt 10 grams of sharp, granular, 
ignited sand arc stirred in by means of a spatula, the 
alcohol further evaiioraled, the mixture being con.stanlly 
stifred and tlien thoroughly dried in a drying oven. The 
sohent for the cooled mass is acetone containing 2 per 
cent, water. It is obtained front acetone dried by ignited 
.soilitim sulfate and adding 2 per cent, water by volume. 
One hundred cubic centimeters of this solvent are sulTicient 
for cxtractitig the above. I he extractiitn of the rosin soap 
is' conducted by tidding 10 cubic centimeters of acetone 
eight times, rubbing tbe nitis'. thoroughly with a spatula 
and decanting. The dceiinted portions are combined in a 
beaker atid the siispnided fatly soaps allowed to separate. 

I he mixture is then nltered into a previously weighcil 
tla.sk and washed .several times with the acetone remaining. 

I he solution of rosin soaj) should show no separation of 
solid matter after hating ivaiiorated to half the volume 
and allowing tot cool. If ;i seiiaralion should occur another 
fdtration and the slightest possible washing is necessary. 
Tt^ com]»lete the analysis, the .acetone is completely evap¬ 
orated and the mass drieil to constant weight in a drying 
oven. 'J'he weight fomnl gives the weight of the rosin 
soai> In comhietgig the determination, it is important to 
dry the mixlnre of soap and sand tliorougliiy. In dealing 
with iKtla.sh soafis it is necessary to separate the fatty 
acids front these and use them as acetone dissolves too 
great a quantity of a potash soap. 

JoTM. AI.KAl.t. 

In the filtrate remaining after having washed the fatty 
acids in the determination of total fatty and resin acids 
all the alkali present as soap, as carbonate and as hydroxide 
remains in solution as sulfate. Ujion titrating this solu¬ 
tion with half normal alkali the dilTerence between the 
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hall luirmal acid used in ducuiiiiin.sintj; the snap and alkali 
used in titrating the excess of acid gives the amount of 
total alkali in the soap. By deducting the amount of free 
alkali present as carbonate or hydroxide previously fuithd 
the amount of combined alkali in the soap may be 
calculated. 

To quickly determine total alkali in soap a weighed 
portion of the soap may be ignited to a white ash and the 
ash titrated fur alkalinity using methyl orange as an in¬ 
dicator. 

i;.NB.tl’ONIFILr) MATTER. 

Dissolve 5 grams of snap in ,50 cubic centimeters of SO 
per cent, alcohol. .Should any free fatty acid.s be present 
netitrali.!c them with standard alkali. Wash into a separa¬ 
tory funnel with 50 per cent, alcohol and .extract with 
100 cubic cintimetcrs ga.soline, boiling at SO degrees to 
(iO degrees C. Wash ine gasoline with water, draw off the 
watery layer. Run the gasoline into a wcighl-d di.sli. evap- 
irate the alcohid, dry and weigh the residue as nnsaponi- 
(led matter. The residue contains any hydrocarbon oils 
(.r fats not converted into soap. 

SII.ICA AND S11.1C,\TF.S. t 

The insolubk: silicates, saml, etc., arc present in the 
ignited residue in the determination til insoluble matter. 
Sodium silicate, extensively used as a tiller, however, will 
only show itself in forming a, pasty liquid. Where it is 
desired to determine sodium silicate, 10 grams of soap are 
ashed by ignition, hydrochloric acid* added to the ash in 
excess and evaporated to dryness. More hydrochloric acid 
is then added and the mass is again evaporated until dry; 
then cooled; moistened with hydrochloric acid; dissolved 
in water; filtered; washed; the fiftralc evaporated to dry¬ 
ness and again taken up with hydrochloric acid and water; 
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filtered and washed. The precipitates are then combined 
and ignited. Silicon dioxide (SiOj) is thus formed, which 
can be calculated to sodium silicate (NaaSi,0»). Should 
other metals than alkali metals be suspected present the 
filtrate from the silica determinations should be examined. 

CI.YaUtINE IN -SOAP. 

To determine the amount of glycerine contained in soap 
dissolve 25 grains in hot water, add a slight excess of 
sulfuric acid and keep hot until the fatly acids form as a 
clear layer on top. Cool the mass and remove the fatty 
acids, biller the acid solution into a 25 cubic centimeter 
graduated flask; bring to the mark with water and de¬ 
termine the glycerine Ijy the bichrr.male method as de¬ 
scribed under glycerine aualy.sis. 

When siigah is present the liicliromatc would be reduced 
by the sugar, hence this method iSfpot applicalilc. In this 
case remove tfce fatty aciils as before, neutralize an aliquot 
portion with milk of lime, evaporate to 10 cubic centi¬ 
meters, aild 2 grams of sand and milk of lime containing 
about 2 grams of calcium hydroxide and evaporate almost 
to dryness. Treat the moist residue with 5 cubic centi¬ 
meters of 96 per gent, alcohol, rub the whole mass into a 
paste, then con.staiitly stirring, heat on a water bath and 
decant into a 250 cubic cenliiucter graduated flask. Re¬ 
peat the washing with 5 cubic centimeters of alcohol five 
or six times, each time pouring the washings into the 
flask; cool the flask to room temperature and fill to the 
mark with 96 per cenfc alcohol, agitate the flask until well 
mixed and filter through a dry filler paper. Take 200 cubic 
rciitimcters of the filtrate and evaiiorate to a syrupy con¬ 
sistency over a safety water bath. Wash the liquor into 
a stoppered flask with 20 cubic centimeters of absolute 
alcobol, add 30 cubic eeiilimcler.s of absidiite ether 10 
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cubic centimeters at a time, shaking well after each addi¬ 
tion and let stand until clear. Pour off the solution 
through a fdter into a weighed dish and wash out the 
flask with a mixture of three parts absolute ether and two 
parts absolute alcohol. Evaporate to a syrup, dry for one 
hour at the temperature of boiling water, weigh, ignite 
and weigh again. The loss is glycerine. This multiplied 
by 5/4 gives the total loss for the alitpiot portion taken. 
The glycerine may also be determined by the acetin or 
bichromate methods after driving olT the alcohol and etlier 
if so desired. 

SrOAR IN SOAR. 

To determine sugar in soap, usually present in trans¬ 
parent soaps, decompose a soap soluticjn of 5 grams of 
soap dissolved in 100 cubic centimeters of hot water with 
an excess of hydrochloric acid and sciiarale the fatty acids 
as usual. I'ilter the acid solution into a graduated flask 
and make up to the mark. Take an aliifuot containing 
approximately 1 per cent, of rcdticing sugar and determine 
the amount of .sugar by the Soxhlet method.' 

GI.VrKRINF. ANAI.VSIS. 

The methods of analyaitig glycerine' varied so greatly 
due To the far t that glycerine contained impurities which 
acted so much like gltcerine as to introduce serious errors 
in the deterniinations of crude glycerine. This ltd to the 
aiipointnient of committees in the l.'nited States and 
Europe to investigate the methods of glycerine analysis 
.•\n intcrnalifiiial committee met after their investigations 
and decided the acetin method should control the buying 
and .selling of glycerine, but tbe more convenient 
bichromate method in a standardized form might be used 

■Bull 107, Bur. rtiem. 1.'. S. I'epl. .kgl icuttlirr. 
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in factory control and other technical purposes. The 
following are the methods of analysis and sampling as 
suggested by the international committee: 

SAHPLING. 

The most satisfactory method available for sampling 
crude glycerine liable to contain suspended matter, or 
which is liable to deposit salt on settling, is to have the 
glycerine sampled by a mutually approved sampler as soon 
as possible after it is tilled into drums, but in any case be¬ 
fore any separation of salt has t:iken place. In such cases 
he shall sample with a sectional samjiler (see appendix) 
then seal the drums, brand them with a number for 
identification, and keep a record «tf the brand number. 
The presence of any visible salt or other suspended mat¬ 
ter is to be lusted by the sampler, and a report of the same 
made in Ijis certificate, together with the temperature of 
the glycerine. Each drum must be samided. Glycerine 
which has deposited salt or other solid matter cannot be 
accurately sampled from the drums, but an approximate 
sample can be obt,lined by means of the sectional sampler, 
which will allow a comiiletc vertical section of the glycerine 
to be taken including any dcpo.sit. 

AXAIVSIS. 

1. Deh rmiiialiiin of /Vcc Cun.tiir Alkali.—Pat 20 grams 
of the .sample into a 1(K) cc. flask, dilute with approx¬ 
imately .">0 cc. of freshly boili'd distilled water, add an 
excess of neutral baeium chloride solution, 1 cc. of 
phenol]»htbalein solution, make up to the mark and mix. 
Allow the |)reci|>ilatc to settle, draw otT .lO cc. of the clear 
liquid and titrate with normal acid (A'71). Calculate the 
percentage of NajO existing as caustic alkali. 

2. Peti’rmination of Ash and Total Alkalinity. —Weigh 
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2 to 5 grams of the sample in a platinum dish, bum off the 
glycerine over a luminous Argand burner or other source 
of heat,’ giving a low temperature, to avoid volatilization 
and the formation of sulphides. When the mass is charsed 
to the point that water will not he colored by soluble or¬ 
ganic matter, lixiviate with hot distilled water, fdter, wa.sh 
and ignite the residue in the [ilatimim dish. Return the 
filtrate and washings to the dish, evaporate tlie water, and 
carefully ignite without fusion. Weigh the a.sh. 

Dissolve the ash in distilled water and titrate total al¬ 
kalinity. using as indicator methyl orange cold or litmus 
boiling. 

3. Di'tcrminaiinn of Alkali Present as Carbonate. —Take 
10 grams of the sample, dilute with 50 cc. distilled water, 
add sufficient N/1 acid to neutralize ti:e total alkali found 
at (2), boil under a reflux condenser for 1510 20 minutes, 
wash down the condenser tulic with distilled water, free 
from carbon dioxide, and then titrate bjick with A'/l 
.N’aDH. using pheniilphthaUin as indiralor. Calculate the 
percentage of Na_(J. Deduct the .Va^O found in (I). The 
difference is the percentage of Na..D existing as ciiihnnate. 

4. Alkali Combined nilli Organic /icids. —The sum of 
the percentages of Na.O found at (l),and (3) deducted 
from the percentage found at (3) is a measure of the 
NijO or otlier alkali combined with organic acids. 

5. Dcteritiinalion of Acidity. —Take 10 grains of the 
sample, dilute with 50 cc. distilled water free from carbon 
dioxide, and titrate with N/l NaOH and iiheiiolphthalein. 
Express in terms of NaiO required 1ti neutralize 100 grams. 

6. Detcrmiuttlian of Total Kesidue at 160° C.—For this 
determination the crude glycerine should be slightly alka¬ 
line with Na,COi not exceeding 0.2 per cent. NajO, in 

r Carbon is rndilv burnrd ofF eompfttely, without loss of chlor- 
idof, in a gu-hoated muSlt; furnace adjusted to a dull red boat. 
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order to prevent loss of orcanic acids. To avoid the for¬ 
mation of polyglycerols this alkalinity must not be ex¬ 
ceeded. 

Ten grams of the sample are put into a 100 cc. flask, 
dikted with water and the calculated quantity of N/\ 
HCl or NajCOj added to give the required degree of 
alkalinity. The flask is filled to 100 cc., the contents 
mixed, and 10 cc. measured into a weighed Petrie or 
similar dish 2.5 in. in diameter and 0.5 in. deep, whicli 
should have a flat bottom. In the case of crude glycerine 
:iWnormally high in organic residue a smaller .tmmint 
should he taken, so that the weight of the organic residue 
does not materially exceed 30 to 40 milligrams. 

The dish is placed on a water bath (the top of Uie 160” 
oven acts equally well) until most of the water has evap¬ 
orated. From this point the evaporation is effected in 
the oven. Satisfactory results are obtained in an oven’ 
measuring 12 ins. cube, having an iron plate 075 in. thick 
lying on the bottom to distribute the heat. Strips of ab- 
bestos millboard are placed on a .shelf half way up the 
oven. On these strips the dish containing the glycerine 
is t>laced. 

If the temperature of the oven has been adjusted to 
160" C. with the,door closed, a temperature of 130” to 
140° can be readily maintained with the door partially 
open, and the glycerine, or most of it, sifould be evap¬ 
orated off at this temperature. When ocily a slight 
vapor is seen to come off, the dish is removed and allowed 
to cool. 

An addition of 0.5 4o I.O cc. of water is made, and by 

t An electric oven suitable for tliis work, which it readily ad- 
justed to 160 degs. C., has been made for Mr. Low and the chair* 
many by the Apparattu and Specialty Company, Lansing, Mich. 
Its sixe is x 10 x 16 inches, and capacity 8 Petrie dishes. It 
gives a strong draft at constant temperature. 
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a rotary motion tlio residue brought wholly or nearly 
into solution. The dish is then allowed to remain on a 
water bath or top of the oven until the excess water has 
evaporated and the residue is in such a condition that 
on returning to the oven at 160° C. it will not spurt. The 
time taken up to this point cannot be given dermitely, nor 
is it important. Usually two or three hours are required.. 
From this point, however, the schedule of time must be 
strictly adhered to. The di.sh is allowed to remain in 
the oven, the temperature of which is carefully main¬ 
tained at 160° C. for one hour, when it is removed, 
cooled, the residue treated with water, and the water 
evaporated as before. The re.sidue is then subjected to 
a second baking of one hour, after which the di.di is 
allowed to cool in a desiccator over sii1]ihuric acid and 
weighed. The treatment with water, etc., is repeatol 
until a constant loss of 1 to 1.5 mg. per hotir is obtained. 

In the case of acid glycerine a correction must be 
made for the alkali added 1 cc. A'/l alkali represents an 
addition of 0.03 gram. In the case of alkaline crudes a 
correction should be made for the acid addcil. Deduct 
the increase in weight due to the conversion of the 
NaOH and Xa..COj to XaCl. The corrected weight' 
multiplied by‘100 gives the percentage of total residue 
at 160" C. „ 

This residue is taken for the determination of the 
non-volatile acetylizable impurities (sec acetin method). 

7. Organic rejidiic.—Subtract the ash from the total 
residue at 160° t.'. Report a.v organic residue at IfiO" C. 
(it should be noted that alkaline salts of fatty acids are 
converted to carbonates on ignition and that the COi 
thus derived is not includetV in the organic residue). 
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ACETIN PROCESS FOR THE DETERMIHATION OF GLYCEROL. 

This process is the one agreed upon at a conference of 
delegates from the British, French, German and American 
committees, and has been confirmed by each of the above 
committees as giving results nearer to the truth than the 
bichromate method on crudes in general. It is the process 
to be used (if applicable) whenever only one method is 
employed. On pure glycerines the results are identical 
with those obtained by the bichromate process. For the 
application of this method the crude glycerine should not 
contain over (lO per cent, water. 

RKUIE.NTS KEIJUIRliU. 

(.'0 Best Acelie Anhydride .—This should be carefully 
selected. good sample must not require more than 0.1 
cc. normal NaOH for saponillcation of the impurities when 
a blank is run on 7.5 cc. Only a slight color should de¬ 
velop during digestion of the blank. 

The anhydride may be te.stcd for strength by the fol¬ 
lowing method; Into a weighed stoppered vessel, con- 
taihing 10 to 20 cc. of water, run about 2 cc. of the anhy¬ 
dride. replace the stopper and weigh. Let stand with oc¬ 
cassional shaking.jfor several hours, to permit the hydro¬ 
lysis of all the anhydride; then dilute to about 200 cc., add 
phcnolphthalein and titrate with N/1 NaOfl. This gives 
the total acidity due to free acetic acid andeacid formed 
from the anhydride. It is worthy of note that in the 
])rcsence of much free anhydride a compound is formed 
with phenolphthalein, woluble in alkali and acetic acid, but 
insoluble in neutral solutions. If a turbidity is noticed 
toward the end of the neutralization it is an indication that 
the anhydride is incompletely hydrolyzed and inasmuch as 
the indicator is withdrawn from the solution, results hiay 
be incorrect 
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Into a stoppered weighing bottle containing a knowii 
weight of recently distilled aniline (from 10 to 20 cc.) 
measure about 2 cc. of the sample, stopper, mix, cool and 
weigh. Wash the contents into about 200 cc. of cold wajer, 
and titrate the acidity as before. This yields the acidity 
due to the original, preformed, acetic acid plus one-half 
the acid due to anhydride (the other half having formed 
acetanilide); subtract the second result from the first 
(both calculated to 100 grams) and double the result, ob¬ 
taining the cc. AT/l NaOII per 100 grams of the sample. 
1 cc. W/NaOH equals 0.0510 anhydride. 

(B) Pure l-ustd Sodium .Jcftii/c.—Thc purchased salt 
is again completely fused in a platinum, silica or nickel 
dish, avoiding charring, powdered quickly and kept in a 
stoiipered bottle or desiccator. It is most important that 
the sodium acetate be anhydrous. 

(C) A Solution of Caustic Soda for Neutralising, of 
about jV/1 Strength, Pree from Carbonate. —This can be 
readily made by dissolving pure sodium hydroxide in its 
own weight of water (pr<ferably water free from carbon 
dioxide) and allowing to settle until clear, or filtering 
through an asbestos or paper filter. The clear .solution is 
diluted with water free from carbon dioxide to the strength 
required. 

(D) N/l Caustic Soda Free from Carbonate. —Pre¬ 
pared as alx)ve and carefully standardized. Some caustic 
soda solutions show a marked diminution in strength after 
being boiled; such solutions .should be rejected. 

(£) JV/1 /Ifid.—Carefully standqj-dized. 

(F) Pkenalphlhttlcin Solution. —0.5 per cent, phenol- 
phthalein in alcohol and neutralized. 

THE UETHDD. 

In a narrow-mouthed flask fpreferably round-bot- 
1S< 
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tomed), capacity about 120 cc., which has been thoroughly 
cleaned and dried, weigh accurately and as rapidly as pos¬ 
sible 1.25 to 1.5 grams ol tlie gij'cerine. A Grethan or 
Liinge pipette will be found convenient. Add about 3 
grams of the anhydrous sodium acetate, then 7.5 cc. of the 
acetic anhydride, and connect the fla.sk witli an upright 
Liebig condenser. For convenience the inner tube of tliis 
condenser should not be over 50 cm. long and 9 to 10 mm. 
inside diameter. The flask is connected to the condenser 
bjr either a ground glass joint (preferably) or a rubber 
stopper. If a rubber .stopper is used it should have had a 
preliminary treatment with hot acetic anhydride vapor. 

Heat the contents and keep just boiling for one hour, 
taking precautions to prevent the salts drying on the sides 
of the flask. 

Allow the flask to cool somewhat, and through the con¬ 
denser tube add 50 cc. of distilled water free from carbon 
dioxide at a temperature of about 80° C, taking care that 
the flask is not loo.sened from the condenser. The object 
of ^tooling is to avoid any sudden rush of vapors from the 
flask on adding water, and to avoid breaking the flask. 
Time is saved by adding the water before tlie contents of 
the flask soliilify, but the contents may be allowed to solid¬ 
ify and the test proceeded with the ne.xt day, without detri¬ 
ment, bearing in mind that the anhydride in excess is much 
more effectively hydrolj’zcd in hot than in coI<f water. The 
contents of the flask may be warmed to, but must not ex¬ 
ceed, 80° C, until the solution is complete, except a few 
dark flocks representihg organic impurities in the crude. 
By giving the flask a rotary motion, solution is more 
quickly effected. 

Cool the flask and contents without loosening from the 
condenser. When quite cold wash down the inside of the 
conden.s(T lube, detach the fla.sk, wash off the stopper or 
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ground glass connection into tlic flask, and filler the contents 
through an acid-waslicil filler into a Jena glass flask of 
about 1 litre capacity. Wash thoroughly with cold distilled 
water free from earhon dioxide. .Add 2 cc. of iihcnf.l- 
phthalein solution (I'), then run in caustic soda .solution 
(C) or (D) until a faint pinkish yellow color appears 
throughout the .solution. This inutralization must he done 
most carefully; the alkali should he run down the sides of 
the flask, the contents of which are kept rapidly swirling 
witli occasional agitation or change of motion until tlie 
solution is nearly neulrali/ed, as indicated hy the slower 
disappearance of the color developed locally hy the alkali 
running into the niixtnre. When this point is re.ached 
the sides of the flask arc washed down with earhon 
dioxide-free water and the alkali s'ibse(|ucntly added drop 
by drop, mixing after each drop until the desired tint 
is obtained. 

Now run in from a burette .s(l ec. or a calculated exces.s 
of AVI NaOH (D) and note carefully the exact amount. 
Boil gently for 15 tnimiles, the flask being fitted with a 
glass tube acting as a |iartial conden.ser. Cool as (|uicidy 
as possible and titrate the excess of N.iOll with A'/'l acid 
(H) until the pinkish yellow or chosun end-point color 
just remains.’ ^ A further addition of the indicator at this 
poRit will eause an increase of the pink color; this must 
be neglected,'and the lirst end-point taken. 

From the A’/l NaOH consumed calculate the percentage 
of glycerol (including acetylisable impurities) after mak¬ 
ing the correction for the blank tcstedc.scribed below. 

1 cc. Af/1 NaOH — 0.0,1069 gram glycerol. 

The coefficient of e.xpansion for normal solutions is 

’ A precipiute at this point ia an indication of tlie ptesence of 
iron or alumina, and hifili result*' will be obtained unless a cor* 
rection is made as described below. 
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0.00033 per cc. for each clcMrcc centigrade. A correction 
should be made on thi.s account if necessary. 

Jitank Test. —A.s the acetic anhydride and .sodium acetate 
may contain impurities which affect the resnlt, it is neces¬ 
sary to make a blank test, using the same quantities of 
acetic atdiydride, sodium acetate and water as in the analy¬ 
sis. It is not necessary to iilter the solution of the melt 
in this case, but snOicient time must be allowed for tlie 
hydrolysis of the anhydride before proceeding with the 
neutralizati<in. After neutrali/.ation it is not necessary to 
adtl more than 10 cc. of the .V/1 alkali (/>t, as this repre¬ 
sents the e.seess usually iiresint after the .sai>onilication 
of the average soa]) Ije cinde. In determining the acid 
e(|uivalent of the N/l .VaOIl, bo.vever, the entire amount 
taken in the .-imlysis, ,30 cc„ should be titrated after dilu¬ 
tion with ,3(10 cc. water free from carbon dioxide and with¬ 
out boiling. 

Deli’ninmiliiiu of t/o' (H.'.rcrol I'lilue of the Ci’lylisal/h; 
Jmhinlirs- The total residue at 100" C. is dissolved in 
1 (W 2 cc. t,i water, washed into the acctyliaing flask and 
evaporated to dryness. Then add anhydrous sodium ace¬ 
tate anil acetic anhydride in the usual amounts and proceed 
as dcscrd'cd in (hf regular analysis .After correcting for 
the blank, calculate the result to glycerol. • 

WAY.S OK r.VKn.n.VTING ACTU.VL GI.YCER0I, tONTENT. 

tl) Determine the apparent percentage of glycerol in 
the samide by the aeetin process as described. The result 
will include acetylizalflc impurities if any arc present. 

(2) Determine the total residue at 160” C. 

(3) Determine the aeetin value of the residue at (2) 
in terms of glycerol. 

(4) Deduct the result found at (3) from the percent¬ 
age obtained at (1) and report this corrected figure as 
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|;I]'Ccrol. If volatile acctylizable impurities arc present 
these are included in this lijturc. 

TriniethyletiKlycol is more volatile than Rlyccrine av-d 
can therefore be concentrated by fractional distillation. An 
approximation to the quantity can be obtained from the 
spread between the acetin and bii-bromate results on such 
distillates. The spread multiplied by 1.731) will give the 
glycol. 

biciiromath raocuss ior uusituoi. niTKkMiNATio.'i. 

AGENTS REyPIRED. 

(.-1) Fure I'Olassium hichn/malf powdered and dried 
in air free from dust or organic vapors, at 110'* to 120 ' C. 
This is taken as the standard. 

(B) Dilute IHchromale Solulion. —7.45f)4'grams of the 
above bichromate are dissolved in di.stilleil water and the 
solution made up to one liter at 15..S° C. 

(C) ferrous .dmmoninnt .S'«//>/n)/e.—It is never safe 
to assume this salt to be co)).stant in composition and it 
must be standardized against the bichromate as follows; 
dis.solve 3.7282 grams of bichromate (. I) in .^0 cc. of water. 
Add 50 cc. of 50 per cent, sulphuric acid (by volume), aixl 
to the cold undiluted solution add from a weighing bottle 
a moderate exiess of the ferrous ammouium suli)hate, ami 
titrate back ,with the dilute bichromate (B). Calculate 
the value of the ferrous salt in terms of bichromate. 

(D) Silver Carbonate .—This is prepared as required 
for each test from 140 cc. of 0.5 I'cj cent, silver sulphate 
solution by precipitation, with about 4.9 cc. iV/1 .sodium 
carbonate solution (a little less than the calculated quan* 
tity of N/1 sodium carkjnatc should be used as an excess 
to prevent rapid settling). Settle, decant and wash one by 
decantation. 

(li) Subacetate of - lloil a 10 per cent, solution 
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of pure lead acetate with an excess of litharge for one 
hour, keeping the volume constant, and filter while hot. 
Ilisrcgard any precipitate which subseiiuently forms. Pre¬ 
serve out of contact with carbon dioxide. 

(/■) Potassium FerricyamJe.—A very dilute, freshly 
prepared solution containing about 0.1 per cent. 

THE METHOD. 

Weigh 20 grams of the glycerine, dilute to 250 cc. and 
take 25 cc. Add the silver carlxinatc, allow to stand, with 
occasional agitation, for about 10 minutes, and add a slight 
excess (about 5 cc. in most casesl of the basic lead acetate 
(li), allow to stand a few minutes, dilute with distilled 
water to 100 cc., and then add 0.15 cc. to compensate for 
the volume n‘ the precipitate, mix tlioroughly, filter through 
an air-dry liltcr into a suitable narrow-mouthed vessel, re¬ 
jecting the first 10 cc., and return the filtrate if not clear 
and bright. Test a iiortion of the filtrate with a iittle 
ha.sic lead .icetalc, which should produce no furthc' pre- 
chiitate (in the great majority of cases 5 cc. are ample, 
but riccasionally a crude will be found requiring more, and 
in this case another alhiuot of 25 cc. of the dilute glycerine 
should be taken and purified with 6 cc. of the basic acetate). 
Care must be taken to a\oid a marked'excess of Ijpsic 
acetate. , 

Measure off 25 cc. of the clear filtrate into a flask or 
beaker (previously cleaned with potassium bichromate and 
sulphuric acid). Ad^ 12 drops of sulphuric acid (1:4) 
to precipitate the small excess of lead as sulphate. Add 
3.7282 grams of the powdered potassium bichromate (A). 
Rinse down the bichromate with 25 cc. of water and let 
stand with occasional shaking until all the bichromate is 
dissolved (no reduction will take place in the cold). 

Now add 50 cc. of 50 per cent, sulphuric acid (by vot- 
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ume) and immerse the vessel in boiling water for two 
hours and keep protected from dust and organic vapors, 
such as alcohol, till the titration is completed. Add from 
a weighing bottle a slight cxcc.ss of the ferrous ammonium 
sulphate (C), making sjiot tests on a porcelain plate with 
the potassium ferricyanide (/•'). Titrate back with the 
dilute bichromate. From the amount of bichromate re¬ 
duced calculate the percentage of glycerol. 

1 gram glycerol — 7.4ii64 grams bichromate. 

1 gram bichromate • ’ 0.1.1411 gram glycerol. 

The percentage of glycerol obtained alx>vc includes an> 
oxidizable impurities present after the puriTjcation. A cor¬ 
rection for the non-vol.itile impurities may be made by 
running a bichromate test on the res’due at 160° C. 

NOTES. 

11) It is important that the coucentratio^r of acid in 
the o.xidation mixture and the time of oxidation should 
be strictly adhered to. 

(2) Before the bichromate is added to the glyceride 
solution it is essential that the slight excess of lead be pre¬ 
cipitated with suliihuric acid, as stipulat^ed. 

(3> For crudes practically free from chlorides the 
quantity of silvEr carlginate may be reduced to one-fifth 
and the basic |gad acetate to 0.5 cc. 

(4) It is sometimes advisable to add a little iiotassium 
sulphate to insure a clear filtrate. 

SAMPI.1NG CRUDE GI.YCERtNE. 

The usual method of sampling crude glycerine hitherto 
has been by means of a glass tube, which is slowly lowered 
into the drum with the object M taking as nearly as pos¬ 
sible a vertical section of the glycerine contained in the 
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drum. Thi.s method has been found unsatisfactory, owing 
to the fact that in cold climates glycerine runs into the 
tube very slowly, so that, owing to the time occupied, it is 
iiflpus.siblc to take a complete section of the crude. An¬ 
other objection to the glass tube is that it fails to take 
anything approaching a correct proimrtion of any settled 
salt contained in the drum. 

The sampler which is illustrated herewith has been de¬ 
vised with the object of overcoming the objections to the 
gtass tube as far as |>ossiblc. It consists of two brass tubes, 
one titting closch inside the other. A number of ports 
are cut out in eacli lube in such a way that when the ports 
are opened a continuous slot is formed which enables a 
comidete section to be taken throughout the entire length 
of tile drum. Uy this airangement the glycerine fills into 
the sampler ;flmosl instantaneously. There arc a number 
of ports cut at the bottom of the samider which render it 
(lossiblc to talje a proiiortion of the salt at the bottom of 
the drum. The instnnnenl is so constructed that all the 
ports, including the bottom ones, can be closed simulta- 
ncftusly by the siniiile action of turning the handle at the 
top; a iiointer is arranged which indicates on a dial when 
the samiilcr is oj»en or closed. In .samplers of larger 
section (1 in.) it is ixissible to arrange a third motion 
whereby the larttom jiorts only arc open for emptying, tut 
in sam|ilcrs of smaller dimensions (^fi in.) this third mo¬ 
tion must he di.si)enscd with, otherwise the dimensions of 
the ports have to be so small that the sampler would not 
be eflicient. 

In using the sampler it is introduced into the drum with 
the ports closed, and whett it has touched the bottom, the 
ports are opened for a second or two, then closed and with¬ 
drawn, and the sample discharged into the receiving vessel 
by opening the ports. When the drum contains salt which 
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has deposited, the ports must be opened before the sampler 
is pushed through the salt, thus enabling a portion to be in¬ 
cluded in the sample. It is, however, almost impossible to 
obtain a correct proportion of salt after it has settled !n 
the drum and it is therefore recommended that the drum 
be sampled before any salt has deposited. A sampler 1 in. 
in diameter withdraws approximately 10 oz. from a 110- 
gal. drum. A sampler in. in diameter will withdraw 
about 5 oz. 



CHAPTER VII 


Standard Methods for the Sampling and Analysis of 
Commercial Fats and Oils* 

The following report of the Committee on Analysis of 
Commcreial fats and Oils of the Dvinsion of Industrial 
Chemists and Chcmicol lin:rini'crs of the American Chemi¬ 
cal Society was adoi)led April 14, 1919, by unanimous vote: 

W. D. Ricuahdson, Chairman, J. R. Powell, 

Swift unci Co., Chic-aHo, ill. Aniw.ttr Soap W«irks, Chi' 

R. W. JUiLiv, cauo. 111. 

Stiliwdl .ind Glarldin}!, New R I. Quinn.* 

York t »ty. Midland Chrmicul Co., Argo, 

W. T. Gascoyne, III. 

W. J. (iascfiync and Co., Hal- Pa.o. Rvdkick, 
tinjorc, Md, Armour ami Co„ Chicago, III. 

I. Katz,* c ^ 1.. M. Toi.man, 

Wdsnn and Co., Chicago, 111. Wilson and Co., Chicago, 111. 
A. I.owu.ssifcix.* I*! TwjrCJiEi.i.* 

Morris and C<*., Chicago, 111. Fmery Candle Co., Cincin* 

II. .1. MoKxisoHa nati. Ohio. 

I’loclor and Gamble Co., j. .1. \'ou.biitse.s, 

Ivr»rydale, Ohio. Morris and Co., Chuag >, III. 

•Resigned. 

Scope, Applicability and Limitations of the Methods. 

S('OI’K. 

Tlirsc iiu tho(l> * ire iiitcndcd to aid in determining the 
ronnnerciat valnatiim of faK and fatty oils in their purchase 
and sale, based on llie fundamental assumption commonly 
lecognirod in tin* trad<‘. naiwly, that the product is true to 
name and i.s not afluli<'i sited. For methods for detormininu 
the identity of oils aiK^ fat'«. the absence of adulterants there¬ 
in and for .specific tents used in particular industries, the 
cliemist is referred to standard works on the analysis of fats 
and oils. 

' .\pprii\e(1 by the Supcrvisury C<miintUce on Standard Methods of 
Analysis of the American Chemical Society. 
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AP>*1.IC.\RI1JTV. 

Tlie inctluids arc ap])licai)lc in coinnicriiul transactions 
involving fats and fatty oils used in the soap, candle and 
tanning industries, to edible fats and oils and to fats afid 
fatty oils inb’nded f*ir Inbricatliig and burning purposes. 
The nu'thods are applicable to the raw oils used in the 
varnish and paint indusirj with the exceptions noted under 
limitations, but special methf)ds have not been included. 

The methods have not lucn developed with special refei- 
ence to waxes (licc.swax-, earnanha wax, wind wax, etc.) 
although some of them may be found applicalde to these 
.snl‘Slanccs. Tlie Committee considers the Wiis method 
ssuperior to the fianus mctlicKl for the determination of 
iodine numher of linseed oil as well as other,oiU, althoueh 
the llanns method has heen considered standard for this 
work for .some time and has tn'cn adopted by the American 
Society for Toting Materials and in varimA specification". 
It has hten customary to use the llubl mctbr*d for the 
iletcrmination of iodine value of tung oil (t'liina wood rjil) 
but the Committee's work indicates that the Wijs mctluHl 
is satisfaciijry for this determination. 

Sampling. 

T.\N*K CARS. 

1. S^Ml’U!•G Wiiii.K 1 OMUNf.—Sample shall be taken at 
discharge of pipe where it enters tank car dome. The total 
samjilc taken shall he not le.«s than 50 Ihs. and shall he a 
roinposite of small samples of ahon^ I pound each, taken 
at regular intervals during the entire period of loading. 

The s;miple thus nht.iined is tli«>rnnt»hly mixed and nm 
form .Tib. isnlion.s place<| in air tight 31h. imtal containers. 
At least lliiec .such sample.'- «Iwl! be put up, one bir the 
buyer, one for the seller, and the third to be sent to a 
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referee chemist in case of dispute. All samples are to be 
promptly and ccsrrcctly lalielcd and scaled. 

2. Sampling krom Car on Track*—(a) When contents 
ttre solid:' In this case the sample is taken by means of 
a large tryer imasuring alxmt J in. acro.*.s and about V/^ 
times the depth of the car in length. Several trycrfiils arc 
taken vertically and obliqiKly toward the ends of the car 
until 50 Ihs. are accumulated, when the sample is softened, 
mixed and handled ns under (1,). In case the contents of 
the tank car have a.‘<><ninc<l a very liard condition, as in 
Winter weather, .so that it is impossible to in.scrt the tryer, 
aiul it b<rouie.s neces'';ir> tn «:often tlie contents of the car by 
means of the chased steam coil fin nearly all tank cars the 
closed steam coil leaks) or by n»eans of open steam in order 
to draw a proi»er sample, suitable arrangements mu.st be 
made betwee^i i)uycr Ind seller for the sampling of the 
c,ir after it is sufiici<‘ntly softened, due consideration being 
given to the possible, presence of water in the material in 
the car as received aiul also t(» the possible addition of 
water during the steaming. The Committee knows of no 
direct metlu.fi for sampling a bard-fro/en tank car of tallow 
in a satisfactory manner. 

(b) tyhen ronlenfs atY liiiuid. Tlic sample taken is to 
lie a 50 III conip<TSitc made up of numerous small samples 
taken from the top, lioltom and intermediate points,by 
means of a bottle or metal container with removable stopper 
or lop. This device attached to a suitable pole is lowered 
to the various desired depths, when the stopper or top is 
removed and tlK* container allowed to fill. The .*>0 lb. sample 
thus obtained is bandfed as under fl V 

^I.ivf stt'ani must not he turned into tank ^'ars or roils before 
simples are drawn, since there is no certain wav of telling when 
. oils are free from leaks 

’'If there is water present under (be solid material this must be 
noted and estimated separately. 
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la place of the device described above, any sampler capable 
of taking a sample from the top, bottom, and center, or 
from a section through car, may be used. 

(c) IfVit'ii contents arc in scnii-solitl condition^ or when 
stearine has separated from liquid portions. In this case,‘'a 
combination of (o) and (b) may be used or by agreement 
of the parties the whole may be melted and procedure (ft) 
followed. 

l).tRaEI.S, TIERCES, CASKS, DRUMS, AND OTHER PACKAGES. 

All packages shall be .sampled, unless by special agreement 
the parties arningc to sample a le.sser numlicr; but in any 
case not less than 10 jier cent ot the total number shall lie 
sampled. The total samjile taken shall be at least 20 lbs. 
in weight for each 100 barrels, or equivalent. 

1. Barrels, Tierces and Casks — (o) Il'hen contents are 
solid. The small samples shall be taken liy a'trycr through 
the bunghole or through a special hole bored in the head or 
side for the purpose, with a l-in. or largo- auger. Care 
.should be taken to avoid and eliminate all borings and chi|)s 
from the sample. The tryer is inserted in such a way as to 
reach the head of the barrel, tierce, or cask. The large 
sample is softened, mixed and handled according to tank 
cars (1). , 

(ft) IVhen contents arc liquid. In this case use is made 
of'a glass tiitie with constricted lower end. This is in¬ 
serted slowly and allowed to fill with the liquid, when the 
upper end is closed and the tube withdrawn, the contents 
lining allowed to drain into the sample container. After 
the entire sample is taken it is thoroughly mixed and 
haiidlcd according to tank cars (I). 

(c) When contents are semi-solid. In this case the tryer 
or a glass tube with larger outlet is used, depending on the 
degree of fluidity. 
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(d) Very hard nialcrials, -inch as natural and artiMal 
stearines. Hy preference the barrels arc stripped and 
samples obtained by breaking up contents of at least 10 per 
cent of the packages. This procedure is to be followed 
aTso in the case of cakes shipped in sacks. When shipped 
in the form of small pieces in sacks they can lie sampled by 
grab sampling and quartering. In all cases the final pro¬ 
cedure is as outlined under tank <:\rs (1). 

2. Drl’M.s—S am|iles are to be taken as under (1), use 
being made of the bunghole. The tryer or tulie should be 
sufficiently long to reach to Ibe ends of the drum. 

3. Othkr Packages— 'Tubs, pails and other small pack¬ 
ages not mentioned above arc to be sampled by tryer or tube 
(depending on fluidity) as outlined aliovc, the tryer or tube 
being iu.serted diagonally uheuever possible. 

4. Mixed Uits and 1’ackacks—W hen lots of tallow or 
other fats art* received in packages of various shapes and 
sizes, and especially wherein tiic fat it.self is of variable 
com|Kt,sitiou, *•. icb must be left to the judgment of the 
sampler. If lariable. the contents of each iiackage siiouki 
be mixed as thoroughly as possible and the amount of the 
iiio'ividual sanqiles taken made proportional to the azes of 
the packages. 

Analysis. 

SAMPLE. 

The sample niii.st be representative ami .it least tiSree 
pounds in iwight and taken in accordance wit'll the stand¬ 
ard JUETltOliS KOR TME SAMPIING OK COM MERflAI. F.\TS AND 
Oils, It must lie kciit in an air-tight container, in a dark, 
lool place. 

Soften the samidc if necessary by means of a gentle heat, 
taking care not to melt it. Wlicn sufficiently softened, mix 
the saniple thoroughly by* means of a mechanical egg beater 
or other equally clTeclive mechanical mixer. 
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MOISTURE ANH VOI ATII K MATTFR. 

Apparatus : Vafuuut Ovvw—The Committee Staiidarcl 
)ven. 

Desctuition- -The Standard F. A. C. Vacuum Oven has 
l>ei'ii designed with the idea of .iffonling a simple and com¬ 
pact vacinim oven which wdl :is nnift»iin temperature^ 
as possible on the sliell. \^ liie li^nrc shnws. it c('U^ists .»f 
an iron casting of reetaniunar seejicjns with Innyed fi(»nl 
door made light h> means of a gasket and which can he 
lowered on opening the ovtn sn as to foim a shelf on which 
samples may he rc'-ted. '1 hr own contains hm one shelf 
wliich is heated from ahiwe as w«di .w lalow hy means of 
resistance coiU. Sevtral llirnnoiiii ter iioles arc inovidrd in 
m'dcr to ascertain <lermiUly the Irmprrahia' at dilTrrcnt 
points oil the shelf. In a vacuum o\i’n where the healing 
{■> done almost entirel_\ Iw r.idiation it is tlilflcnlt \<* maintain 
unif(»riii Icmpciatiires at all jioint'. Imi Iht 1 . A. oven 
aecomplishes this rather latter than most v.icmmi <»vens. 
l-arger (oens containing more than one s>ielf have l'*rtj 
tried by the Conniiittee. Imt liavc Inen fouad to 'c lacking 
in temperature uniformity and nuans n\ ioutrol. Hie intin* 
oven is suppoili ft l-v means of a *1 in. sianilard pi|v whn-h 
screws into the base iht oven and whi-h in inrn is sup 
portetl by 1 m iim scuwed ii:to a Mind ilange of sihiahh' di 
ameter which i.ii tlic tlo.-r or work table 

Vnkr/ro'c 7h\/2-\ ’‘halh»vv, glass dish, lipped beaker 
form. ap]*r«e'«matel\ h to 7 cm diameter ami -1 «tn. dot p. 
'I'.ill he standard. 

Di-.ti RMiXAnoN -Weigh oni 5 grams (• -fl.J g. of the 
pirj^ired sample into a nvmtme didi. llry to constant 
weight ill -i-nuio at a nntform tunperalnn*. not h-s than 1?'* 
( . nor more than 2^" C. al>ove the !>oiHng puint of water at 
tiic working pres'-iir'*. which must not esned KK) mm, of 
nicrcury/ Constant wcipfit is attained when successive 
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dryings for 1-hr. periods show an additional loss of not 
more that 0.05 per cent. Rcjiort loss in weight as mois* 
TORE AND VOLATILE MATTER.® 

The vacuum-oven method cannot be considered accurate 
in the case of fats of the coconut oil group containing free 
arid and the Committee recommends that it be used only for 
oils of this group when they contain ]e.ss than 1 per cent 
free acid. In the ca.se of oils of this group containing more 
than 1 per cent free acid, rcconr.se should be had tempor¬ 
arily to the routine control method for moi.sturc and vola¬ 
tile matter* until the Committee develops a more satisfactory 
method. 

The air-oven method cannot he considered even approxi* 
malcly accurate in the case of the drying and semi-drying 
oils and tho.se of the coconut oil group. ’I'horefore. in the 
case of such oils as cottonseed oil, maize ^^il tcorn oil), soy 
hcan oil. linseed oil, coconut oil, palm kernel oil. etc., the 
vacmim-ovcii method .should always he used, except in the 
case of fats of the C(»conut group containing titore than 1 
per cent free acid, as noted above. 

INSOl.Cm.F. IMnrRiTlES. 

Dissolve the residut; from the nniisiurc and volatile matter 


* Bf.iling point 
Pressure 

of water at reduced 
Boiling Point 

pressure.^. 
BoilinR Point 

BoilinR Foil 

Mm. Hr. 

to 1* C. 

+ 15* C. 

+ 20* C. 

JOO 

C. 

67* r. 

72* C. 

90 

W) . 

6S 

70 

KO 

47 

f*2 

67 

70 

4> 

tiO 

65 

r>o 

4.: 

57 

63 

■io 


5.1 

58 

hO 

.t4 

4<f 

54 


■ Results runtpataljle nf ilie .‘sfanrfani Mefliod may be ob- 

tainicJ on most fats and rdls bv drying 5 r. portions of tint sample, 
prepared and wciplied n*. alive, ti ctnwani ueiitht in a wcll-cun- 
Htructed and ucU-vontilatnl air oven held uniformly ai a tempera* 
ture of 105* to IH)'' C. The djgrmomctcr bulb should be close to 
the Kample. Thv defuiitim of constant weipht U the same as for the 
Standard Method. 
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determination Ijy it on a steam bath with 50 cc. 

of kerosene. Kilter the solution through a Gooch crucible 
properly prepared with asbestos,^ wash the insoluble matter 
fTve times with 10-cc. portions of hot kerosene, and finally 
wash the residual kerosene out thorouj^hly with petroleum 
ether. Dry the crucible and contents to constant weight, as 
in the determination of moisture and volatile matter and 
reiwrt results as insoluble impurities. 

SOLUBLE MINERAL MATTER. 

Place the comliined kerosene filtrate and kerosene wash¬ 
ings from llie insolnhle iiniinrities dolcnnination in a plat¬ 
inum di>ii. Place in this an ashless filter pajier folded in the 
form of a cone, apex u]). Liglit lije apex of the cone, where¬ 
upon the Imlk of tlu* ki'tosene burns quietly. Ash the resi¬ 
due in a muffle, to con.stant wciglit, taking care that the 
dccomposiliofl of alkaline earth carl>onalos is complete, and 
report the result as soluble mineral matter." When the 
perceutaftc (*f .'t)lulilc minera) inalter amounts to m^..re than 
0.1 per cent, multiply the i>ercentage I>y 10 and add this 
aniuiint to the percentage of free fatty acids as detennined.* 

’Tbc f(»nowinr mcihnd »«» .siiCRosIcd liy the CommtUec ft»r routine 
control Work; Wii^h c.iit 5> to 25 r. |K>rtions of prepared sample into 
a ffLiKs (>r nluitiiiMim (raiiliitt: Aliiniinuin soap may be formt'd) 
ticater or casscrt'lc eml hf.n on a hcaw asbestos board over burner 
or hot plate, taking enre that the temperature nf the sample does 
iHR go above LK)® C. at any time. During the heating rotate the 
ve>sel qently on the board by hind to avoid simltering or too ftipid 
evolution of moi.stnrr. The proper length of tim« of heating is 
judged by absence of rising bubbles of steam, by the alntcnce of foam 
or by other sijsns known to the operator. Avoid overheating of sam¬ 
ple as indicated by smoking nr darkening. Cool in desiccator and 
weigh. 

Hv eo-operrtive work^n *.cveral lahoml<ries. the Coimnittee has 
demorisfrafed that this method can be used and satisfactory results 
obtained on coconut oil even when a considerable percentage of free 
Liny acids is present, and the method is recommended for this ptir« 
nose. I'nfortunately on ecccimt of the very great personal factor 
tnv<.lved, the Committee cannot establish this method as a preferred 
method. Nevertheless, after an operator has learned the technique 
of the methiKl, it gives perfectly satisfactory results for ordinary 
oils and fats, butter, oleomarganne and coconut oil, and dewrvea 
more lerugnition than it has heretofore re<*eived. 

17.1 
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FREE EATTY ACIDS. 

'J’Ik* ** AUoilOh’® iiscii shall be approxinialoly 95 i>er cent 
rtli>I ,ilro]u)l, freshly {iisiilhd from Muiiiun liulruxidc, vvliitk 
wilh piu’iuiipluhaleiii jiiu's u tleiliutc and dislincl cnd-iK)int. 

hi Ji.RMiwiKiN Wciijii 1 lu 15 (>I the picpaml sample 

mlu an !• rlemneyu* da^k, usiiiy, llie >mailcr tjuunlily in tlie 
ease Ilf dark colored, ai};li aeul tats. Add 5U 1.* UK) ic l»ui. 
nemral alculsd, and titrate with .\/2. \/4 nr A'/lOsiahuni 
hydrnxidi depeadiny nu the lalu acid cniit*nl, idiciuih 
piilhalem a^ indu*alor. Laicnla e to nh ie a\ id, except tltai in 
tile case iH paim uil l!ie* i‘suits ina> ahn ie eNi'ri.'seJ ni 
terms «il paimuic acid, dearly iiuliiatiny die t»v«i mclli'uls tu’ 
calculaliun in tlie u'pmt. In the case uf cnc«iimt and palm 
kernel oiU. caicrlate tn and rc]n»rl ii. teims of lauric acni 
in addition to olidc acid, cleatl\ indtcutiiij; tlie*i\\o nul'i<Mls 
of calculation in the repoit. In the c.isc of ials oi >;r<.tses 
contaiimii;! nii'i'e than ikl pi r cint .d’ s-duTde wnnrjal m.-tUr. 
add to the percenlaj^es of free fatly aciils as determined 
10 times the iierccntaue of ha‘-ts m the soluldc inmejal 
matter as deiciumn d.- 'I his addition .eius liie iipinaletn 
of fatly acids voinliined with ihe solnl»le imneral mallei. 

• J’or ro’.niMc vM.ti.l vi.iK, filler fiaper is s*im!ii''es moii- ts>n 
Miiieiii tlwiii the ini-tH'l iKx.i.h cnitiiile, he* imoi i>e \eiv i.tii 
washed, vp'o.illy ari und the run. (<■ t'lnivc P.ie ].tst ii.iics <'i. 
far. ^ 

** l*er ri-tmrie v\i-il., .'»n ..si* intiy Le uiii on tin ursK'nal fat. ..in! tht 
soluhlf nmi'-ral it.unci ttlda'jied b> tkilnititu; ine adi 'ti the msi-ln 
bk imi'iiritus It*.in this. In pus ilie tn.iiili •itni.U' ..iiniiM l» 
prepared widt .tti u’nneil ;ishest'''s nut ■> t'l.-t the nupuit'ie.- tiu> 
lie Hsheil ditectiv alui buna 'Acntlnd. in ail easts nnntnm sin.i.ld b- 
to «'ul]^tant wiiitlit So Us '.*> .ii'iire u-f*.' •iieiinip I'liiint ul <.u 
buiiutcs. 

".See note on Soluble Mineral Maltn follouinj; tbe^c inrtlii-ds 
When the ash c iitains ph*«<i)Muies the l'uct< i Pt c.inn).t tic ai>i>iic(!, 
but the bases eonsiMing of culeinin fxide, cie., tniist he ikti.riini:c(k 
and the fu(i*'r 10 applieit to them. 

^ For ronttne W'ork ntclhyl or denatured ethyl alcohol of uiiproxi- 
inutiiv V5 pel luit birciiRih may be used. With tlicbc n-aucniH the 
end point is n* t sharp. I 
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JllKK. 

St.\n]»ard i iiFkMoMKThK—’J'lic thcniioiiK’tiT IS gTaduuU'd 

/iT<j ;jih 1 in U ntil diKiits from JO" C to 05" C, wjlli one 
aii\iliary ifscrv'(*ir at flu- iippci end and another Lietwecn the 
/erii mark and liu- lit' ntark. 'J'lu: cavity in the capillary 
Iniic U-lween tile /eio mark and the 10’ mark is at least 1 
cm. heltirt ilie 10® mark, tlie 10' mark is uhout 3 or 4 cm. 
ahn\r tin- the length uf l)ie thermometer heing about 
5/ em. n\er all. Tlie tlu nnomeler ha.s been annealed for7.‘i 
hi . ai -k'O' I . and the hiillj is of Jena normal 16'" glass, or 
iK ''inuaknt. ninderalclv thin, so that the thermometer will 
l»e i|uhk .iciine. The hnlh i'' alioul 3 cm. long and 6 mm. in 
(ii.oueti r. Tile sUni <•! llu- thei inonieler is (> min. in diam- 
« lir atul made <*1 tlie he-t Ihcrinoineler tuhing, with scale 
ttelnd on thy skm. liie KJ-'nlnalion is clear-cut and distinct, 
hut ijuiu- line, 'i lie ihermoim-U-r nnist lie ceifilled hy the 
I . 's Ihin an .'t Sumdards. 

fAir-iK .‘soi 1-1 ION—Dissolve 250 g. pniasshim 
! \dio\iile in 10(H) cc. ilynamitc glycerin with the aid of 
lK»lt. 

Di iiK\ii\\iio\ Heat 75 ee. of the glycerol-caustic solu¬ 
tion to 1.^0 {'. and add 50 g. of the melted fat. Stir the 
mi’d.iu v.'ll aii4 c«intimie lieating until the melt is lioino- 
ueniMii-. a! hd linn' allowing the teiniHTatiirc to exceed 150® 
(’ Wr'w 1.' t. ^ i somewhat and carefully 5ll a’. 30 
pi " i-':!! -nlun-.i Xow ail'l liot water and heat until 

llii- tally aeiils se]j;,ratc out periectly clear. Draw off the 
aiiil wattr and wa.'h the fatty acids with hot water until five 
lioin minetal acid, tfien filter and heat to 130" C. as rapidly 
as possible wlfile slirriiij;. Transfer the fatly acids, when 
eo.iled somewhat, to a 1 in. hy 4 in. titer tnhe, pl.aced in a 
ll)-o 7 . salt iiionlh bottle of clear filass. fitted with a cork 
that is perforaliil su as to liold the tnhe rigidly wlicii in 
position, .'iiisinnil liie titer thernioineler so that it can he 
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used as a stirrer and stir titc fatty acids slowly (about 100 
revolutions per minute) until the mereury remains station¬ 
ary for 30 seconds. Allow the thermometer to hang quietly 
with the bull) in tlK center of the tube and report the 
highest iK)iiit to which the mercury rises the tiler of the 
fatly acids. The titer should be nude at about 20“ ('. for all 
fats having a titer above 30“ C. and at 10“ C. lielow the 
tiler for all other fats. Any convenient means may be used 
for obtaining a hmiperaturc of 10“ below the titer of the 
various fats. The coiiimitlcc recommends first of all a chiH' 
room for this purpose; .second, an arlilicially chilled small 
chamber with glass window; third, immersiini of the salt- 
moiilb bottle in water or other liquid of the desired tem¬ 
perature. 

r.NN M'OMfl \H1 K MATTKk. 

I'.XTRACTio.N' Cvi-i.\HF.R'-The CNliiukr shall be glass- 
stoppered, gradiuited at 40 cc.. SO cc. ami ,130 cc.. and of the 
following dimensions: diameter about in., height about 
12 in. 

Fftroifi’m Ktiiek— Uedistillcd petroleum ether, boiling 
under 75' Cb, shall be used. A blank must lie made by 
evaporating 250 cc. with aliout 0.25 g. of .slearine or other 
hard fat (previously brought to constant wGglit by beatingO 
and drying as in tlic actual determination. 'Hie blank must 
not Exceed a few milligrams. 

DktfjimiNATION —Weigh 5 g. (±0.20 g.> of the jmepared 
samjdc into a 200-cc. Krleiimeyer fiask, add 30 cc. of re¬ 
distilled 95 jier cent (apjwoximatcly') ethyl alcohol and .S cc. 
of 50 per cent aqueous potassiun hytfro.xide. and bi ll t.ic 
mixture for one hour under a n fiux condenser. Transfer 
!o the exlracti*)!] cylinder and wash to the 40-cc. mark W’itli 
redistilled 95 per cent ethyl alcohol. CVmipIelc the transfer, 
fir.st with warm, then with cold water, till the total volume 
amtmiits to 80 cc. Coo) ihc cylinder and contents to rcM»m 
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Ivmperaturc and add 50 cc. of petroleum ether. Shake 
vigorously for one minute and allow to settle until both 
layers are clear, when the volume of the upper layer should 
fie about 40 cc. Draw off the petroleum ether layer as 
elusrly as possible by means of a slender glass siphon into a 
separatory funnel of 500 cc. capacity. Repeat extraction at 
least four more times, using .50 cc. of petroleum ether each 
time. More extractions tlian tive are necessary where the 
inisaijoniliable matter rims high, say over 5 per cent, and 
•also in some cases where it is lower than 5 per cent, but 
is extracted with diflicully. Wash the combined extracts in 
a separatory funnel three times with 25-cc. portions.of 10 
lier eent alcohol, shaking vigorously each time. Transfer 
the iietroleum ether extract to a widc-mouth tared Bask or 
beaker, and evaporate the iietrolenm ether on a steam bath 
in an air current. Dry as in the method for .moisti’rs: anp 
voi.ATti.E st.viTta. .'\ny blank must be deducted from the 
weight before call’vlating unsaponiliable matter. Test the 
linal residue for solubility in 50 cc. petroleum ether at nmm 
temiierature. Filter and wash free from the insoluble resi¬ 
due, if any, eiaporate and dry in the same maimer as be¬ 
fore. The Committee wishes to empliasizc the necessity 
■ if thorougii and vigorous shaking in order to secure 
accurate results. The two plmses must lie brought into the 
most intimate contact pirssible, otherwise low and di.sagree- 
ing results may he obtained. 

lOillNF. .\t;jlBER—WIJS METHOD. 

PREi'AR.MtoN OF RsAGF.NTs — ll’ijs lodiiu Solution —Dis¬ 
solve 13.0 R. of resttldimed iodine in one liter of C. P. glacial 
acetic acid and pas,s in washed and dried chlorine gas until 
the"original thiosulfate titration of the solution is not quite 
doubled. The sohilinn is then preserved in amlmr glass- 
stoppered bottles, .scaled with paraflin until ready for use. 

Mark the date ott whirh the solution is prepared on the 
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botlJe or bottles anti do not iisc VVijs .solution which is more 
tlwn 30 days old, 

Tlierc should be no more than a slight c.xccss of iodine^ 
and no excess of cldoriiie. W’licn tlie solution is !na<le 
from iodine and clilorine. this iioint can In- ascerlaincd h\ 
not quite doiihling the tltralion.” 

'Jlie glacial acetic acid used for preparation of the Wijs 
sidution >lK'idd lic nf to 9'^.5 per cent slrenglh, in 
case of glacial acetic acids ul’ vontev.hat luwi-r strength, the 
Coiiiniittec ret'orninemls freeing .nnl centrifuging m drain-' 
ing as a means of puriiKMiino. 

A’/lO Sodium I'htositl'iih- S'<i!itlii>n IHsshInc 2'4.'< g <»f 
C. r. s<»dium tin iMiIfati- in leemtly hoiled di'-tilleil water 
and dilute with the same t.i one liter at the tempCTuture at 
which the titratimis aa- Id i.e made, 

Starrh Paslr -!5oiI 1 g, of starch in 2()0 cef of •hstilled 
water for 10 min. and etn.) to i-.»oin ti mjieratnr<\ 

An impnA'cd siarch '•.pluli* tt nia\ he prepITie l )n auto¬ 
claving 2 g. of starch and (> g. nf hi.rir acid di>.',.tl\<'.l in 21 X 1 
cc. water at 15 ll*s. jn't^sure h»r 1.^ inin. 'I'Ip- "olntion lui' 
good keeping finalities 

C. Mclll.iniy, J. In*. S,,.. JV fr'iri, 

tljc i lh'V.MiK iltl.'dib t'r tl.c |io ,>ai.t!'•■!) ol the X>(h:iL' i»i l•l>( hluriti* 

M>]itti> i,' 

The f're’i'Ut.iti'n i{ ilir ini>ii‘c Iil-ii i-lc s.>!iiiuiti eos.iws n<i 

fircil •iHtlifs:!''.. I»iif ii jn.o In ('< tw with an<l .urura'V iii orii s 
f.» <-t.'ain ‘reof^'i'iy j'.'iili*-. 'Ihm* ifii-i li< i»j thv shni.ii n-- 
scio'hle ixc«-s t'i*h"r I'f io«!iik cr tim. jmiM<' tbrK iil ihl' i’lm. (iv*t 
that :r'|iiireil ij f'l.n tin- ’ti-t.''’I'' "<h T’-is ti-hti'ii ss m sat"- 
f.at'Mjj' {.tt-iit.t’rl hy Ivjji,. in ti ■ v,!,-'l( |.f the ;u«tn' aenl t*. U' 

ti't-fl the rMi’!i«i»e (jnartcv i<f imliiw, a viiale tieai !■) assist 

the toUil'f.fi. if if is fonivt tmtss.if., M-emt a'-tde a stiiatl 
(if this S'l’Kitn. while I'lirc ..u<l ih' (hh-riiie is [jasso] into tht re 
rr;en«!ei‘ nuti! ih'" hal'-r''n "'’eei-f ut thi whole wlitiioti is •{•■olilot 
Ordinarily it wi*J I.e ff-titxl tli.v hv pasMiiR the ilih-rnic iiii.- the 
main part ^•f lilt: S'jKitinn until lin* thaiatteiistif cl* i of five iiMhiie 
has just I>(<n disi liai ue<l llutf wiii he a slivhi e'tcss of ehiniiiu 
whir, is correct'<1 hy the ad'Hti'.n «i' the re>]ii]sitc amount of tlie 
utuhh-rinated rtion uiiltl al! fro* ehloiine has <les(r<>yci), A 
slifibt excess of hviiiM' du's liule or no haiin, hut cmcsh uf chlotinr 
must he avoided. 
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Potassium Iodide Solution —Dissolve 150 of potassium 
iodide in water and make up to one liter. 

^ A^/10 Potassium Bichromate- Dis.solvc 4.903 j?. <d C. 1*. 
pulasaium bichroinate in >\ater and make the vulnine np to 
i iic lilcr at llio temperature at uliicli tilralioiis are to be 
made. 

The Coniniitlee cdls atleiiliori tn the t;ut tliat (urasiotudly 
potas.siinn l»ie!ironiale is founcl ei-ntainiii^ sjuluim hiehro- 
mate, altlinimh tlii.s is of rare oerurreme. If the aii.'d.v‘'t 
Vii-'peeis tlial he is dealillf^ with an inipnie potassium 
iHchromate, the purity can ln' ascertainetl l.\ tiiiation atiainst 
re-.Mthlinu*d iodine. lTn\\o‘.er, tins is imnece>sary in tlie 
}.ncal majority of cases. 

Staudardkxitiou of the Sodium 1 hiosvlfale Sotniitm — 
Place 40 cc. iif the [»4a-.smin hicluornate solution, to ulucli 
has been a<I^crl It) rc. of the soliiiiou 4»f potasshnn iJididc, 
in a jjlass stoppered l1a'k. .\dd to this 5 cc. of strong 
hy<lro chloric acid. Dilute with IIH) cc.(d water.and allow the 
\/10 .sodium thio^ullat' to How slowly inp) the flask until 
the Ncllow c.ilor of tlie Iquid h.'i'. ahinj-sl disap))cared \dd 
a few di'iips td the starch paste, and with constant shakinn 
«s>iiii:;ne to nd<l the .V/IO sodium thioMilfale solution until 
tlte blue color jiv-t di.sappears. 

DnikUiN'A'rniN’—\\eii*h accurately from (UO to 0..5U g. 
(dependmg on the iodine lumiher) of the melted and iirtered 
-sample inbt a chan, diy. Ib-o/. glass-.slopjiored hotllo con¬ 
taining l.vJf) cc. of carl)on Ictrachlorhlc or chlorob»rm. \dtl 
cc. of iodine sohUioti from a i>ipotte. allowing to drain 
for a definite time. The excess of iodine should he from 
.50 pcrj:cnt lc» f<0 per cent of the amount added, that is, 
from 100 iM‘r cent to 150 per cent of tlie amount absorbed. 
Moisten the stopper with a 15 per cent potassium iodide so¬ 
lution to prevent loss of iodine (jt chlorine but guard against 
an amount sufllcieiit to run down inside the bottle. Let 
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the hottle stand in a dark place for '/i hr. at a uniform 
temperature. At the end of that time add 20 cc. of IS per 
cent potassium icpdidc solution and lUO cc. of distilled water. 
Titrate the iodine with AVIO sodium tliiosulfate solutioit 
which is added gradually, with constant shaking, until the 
yellow color of the solution lias almost disapiieared. Add 
a few drops of starch laste and continue titration until the 
liluc color has entirely dis.ip|icared. Toward the end of the 
reaction .stopper the hottle and .shake \iolently so that any 
iodine remaining in solution in the tetrachloride or chloro¬ 
form may he taken up by the potassium iodide sidulion. 
t'onduct two detrrmination.s on blanks which must lie run 
in the same manmr as tlie sample escepl that no fat is used 
in the blanks. Slight tariations in temperature cpiite aiipro- 
ciahly affiat the titer of the iodine solution, as acetic acid 
lias a high cmdiiciciit of expansion. It is, Ihersfore, essen¬ 
tial that the blanks and determinations on the sample he 
made at the same time. The miinher of ro» of standard 
thiosulfate .solution reipiired by the blank, less the amount 
Used in the detirmiiiation, gives the thiosulfate equivalent 
of the iodine absorbed by the amount of sample used in the 
determination. Calculate to centigrams of iodine tilworbcd 
hy 1 g. of sample (— per cent iodine alesorhed). 

Dktkrmination, Trxc On.—Tung oil slious an erratic 
liehagior with most iodine reagents and this is particularly 
noticeable in tW' case of the llamis reagent which is entirely 
unsuitable for determining the iodine number of this oil 
since extremely high and irregular results are obtained. 
The HiibI solution shows a progressiveiahsorption up to 24 
hrs. and probably for a 1< ngor time but the period required 
is entirely loo long for a chemical determination. Tlw Wijs 
solution gives good results if the following preraiitions are 
ob.served: 

Weigh out O.l.'i ± O.O.a g., use an excess of SS ± 3 per 
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cciit Wijs solution. Conduct the absorption at a temperature 
of 20-25° C. for 1 hr. In other resiKicts follow the instruc¬ 
tions detailed above. 

* SAmNiriCATION NUMBKK (kOETTSTORFER NUMBER). 

Prefaratio.n of Keaoent.s. N/i [{yjrochloric Acid— 
Carefully standardired. 

Aknholic Polassium Hydroxide .S'«/Mtio»~Dissolve 40 g. 
Ilf pure potassium hydrovidc in one liter of 95 per cent re¬ 
distilled alcohol (by volume). Tlic alcohol should be re¬ 
distilled from potassium hydroxide over which it has been 
standing for some time, or with which it has been boiled for 
some titiie, using a reflux condenser. The solution must lie 
clear and the potassium hydroxide free from c.arbonates. 

Determixatbin AVeigh accurate alamt 5 g. of the fdtered 
sample into j 2.50 to 300 cc. Erlenmeyer flask. Pipette 50 
cc. of the alcoholic potassium livdroxidc solution into the 
llask, allowing the jiipette to drain tor a definite time. Con¬ 
nect the I'ask with an air condenser and boil until the fat 
is completely saponified (about 30 minutes). Cool and 
titeite with the .V/2 hydrwhloric acid, using phenoll)hth.tlein 
as an indicator. Calculate the Koettstorfer numtier (mg. 
of [lolassium hydroxide required to saponify 1 g. of fat). 

( ondnet 2 or 3 blank determinations, using the same piiiette 
and draining (or the sitmc length of time as aljovc. 

MUl.TtNC POINT. 

.VeeVRATUs Cni'Wiiiy lid'cs made from 5 nun. inside di¬ 
ameter thin-walled gljss tubing drawn out to 1 mm. inside 
diameter, l.ettgth of capillary part of tnhes to be about 
5 cm. I»ngth of tulie over all 8 cm. 

Shmdard ihrrmomrier graduated in tenths of a degree. 

dot) cc. heakcr. 

Determination— The sample should he clear when melted 
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and entirely free from moisture, or incorrect results will be 
olJtained. 

^lult and tlmrini^flily mix the sample. Dip three of the 
capillary tnhe.^ ali'»ve descriln-d in the oil so that the fat i/i 
the tube staiuis alunil 1 cm. in Iiei^lu. N'uw fn.s<‘ the capil¬ 
lary eiul carefii11\ lt\ im-atih oi a small blast llame and 
allow lo aH)l. These tubes are phua-tl in a lefriuerator iiver 
night at a temper.atmv of from 40 to 50° I*. Tluy arc then 
fastened b\ moans of a nibber haml or other suitalde means 
In the huil> of a tlienmnneter gr.idnated in tenths of a de¬ 
gree. Tlu ihennoiiuter is ‘ijspended in a luaKer of water 
(wliirli ;s aeit.’ihd .>y air or other suit.Ode ine.Tis) so that 
the hoHotn c f the linlh <ii the tiiet motnetei is inuner'‘< d to 
a deiith of ainmt 3 cm. 'fhe temperature f-f the watci is 
iiuTen-'ed gradn-iliN al the rale t>f ali«-tnt 1 ’ per mimit'-. 

The pi»int at whieh the sample bee«'aes opalesient is In*^! 
noted and t’lc iuntij'L; l•*'ntMme■l mitil tlu' coiUetits of the 
lni»e lu‘eomes iinifoinilv l'';ii!>p'm il. ’^he lalti r tt mpera- 
tnre reported the tneltmg point. * 

Ih’jore llnally muti-ig i<*a p*‘riVei!\ (leat ilnid. the sample 
lucoiries opalcsCM’t ;ti'rl n'nally ap)»ears dear at the ^op, 
■usttoin. and ?’')*’«: h » <m iiecomine char al (lu- <etiter. The 
healing i'- conlitrud entil tit* '’tntJi'ls of *.he Iii’m- lunnne 
nnif"rnt!\ <‘o.ir .'i td Iranspaan. Tin %Mnpe>al'ir»‘ is re 
ported ,•>». f' *- mehipu poi'O.' It e n>.n;»l’> miU fr.i'tu-n 
of cl <l(gi>» ;iho\liir npale.ee'U t-oii.t noted, d'hc ther 
monieter >i.o'dd he read t'» the i- .oe'l ' C.. and in .iddi 

lion this te.n; eranu'e mav hi report' ll to the neuitsi iligree 
hahreiihcit if d' 'ir( *’ 

< loi-n 'lis|. 

pRiXAUTioNs (! \ 'Hie oil mnsf he perfectly dr?^ heeanso 

'* riir mrliijiR ponit » f nits ju.tv I»p fleurniitinl in Rcnrral arrnrdinir 
to tlu ah'''vr tTf'i rfhirr, taVirc inUi C'■niidcialn-ii th»' lower tempera- 
luic rcfpjired. 
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(he presence of moisture will produce a turbidity before the 
ehmiliiiff point is reached. 

(2) The oil must be heated to 150" C. over a free flame, 
immediately before makinjf the test. 

* (3) There must not l)e too much discrepancy between the 
ti inpcralure of the bath and the clouding jvdiit of tljo oil. 
\u nil that ^YiIl cloud at tbi' IcmperaUtre of hydrant water 
^houId Ik: tested in a bath ot that Icinpcralurc. An oil that 
will cbmd in a mixture of lee and water should be tested in 
>nrli a bath. An oil that will not cloud in a ijatb of ice 
and water nul^t be lesha! in a bath of s;ill. ice, and water. 

Dktrkminatu»n- -The oil is heated in a |M»rcctain casserole 
M\tT a free llaine to 150" C\. Mir’'i?ig with the thermometer. 
\s soon as it can be done with safely, the oil is transferred 
to a A if/, oil Iiottlc, wliith must l>e perfectly dry. One and 
oiic-lialt trtinces of tin (dl are suHicM-nt for the lest. \ dry 
c«ntigradf tli?-rinonieter is placed m the od. and tlie Ixdtle 
is then (Pooled i>y iinu’crsM-n in a suitable bath. The oil is 
e.>nstanllv --tirAd with the fluTmometer. Uikiiig care not to 
r<niitve the tbermoineier from the oil at any time during 
tlie test, so as t«> avoid siirring air bubbUs mh» ibi oil. 
'1 be I'ottle is fret|iumtK' removed from the l>atb for a few 
niomenis '] In* oi} niii.vt not be allowcrl to cliill on th<* 
s'des and bottom yf the bfdtie. Tliis is elTectcd by constant 
and \ic»>rons '•tirriim with the ibernionnIcr. .Ns soon as 
the tif't :’(.rnianciil el<»u(l s!n*ws in tlic hculy of the oil,•the 
;en'|i-Tature at wh'cli this rlond occurs is note^. 

\\ nil care, resull-s concordant to within 'v® C. can be ob¬ 
tained by thi.s inelhcMl. A I'.'ilirenheit therntnmetcr is some¬ 
times used iMjcniise iAbas become customary to report re- 
'‘lilts in degrees I'abrcnlicit. 

The oTmiist be tested witliin a short time after heating 
to 150" C*. and a re test must always be preceded by re- 
bcaliuK to that temperature. The cloud point should he 
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approached as quickly as possible, yet not so fast that the 
oil is frozen on the sides or bottom of the bottle before the 
cloud test is reached. 

Notes on the Above Methods. 

SAMPUNG. 

The standard size of sample adopted by the committee is 
at least 3 lbs. in weight. The committee realizes that this 
amount is larger than any samples usually furnished even 
when representing shipments of from 211.000 to 60,(X)0 lbs. 
but it believes that the recjuireineiit of a larger sample is 
desirable and will \v(trk toward uniform and nwre con¬ 
cordant results in analysis. It \Nill probably c(mliiiuc to be 
the custom of the trade to submit smaller buye^^’ samples 
than required by the c<»mmittec. but these are to be consid¬ 
ered only as samples tor insiwction and not for analysis. The 
standard analytical -sample .must consist of 3 lbs. or more. 

The reasons for keeping sampb*s in a dark, cool .place are 
obvious. Tljis is to prevent any increase if. rancidity and 
any undue increase in free fatty acids. In the case of many 
fats the committee has found in its co-operative analytical 
work that free acid lends to increaso very raju'dly. Ihis 
tendency i.s minimized by low temperatures. 

MOISTI RE AXn VOJ~\TII.R M.\'STEK. 

J^f\CT careful consideration the ronnnittee has deci<led that 
moisture is b'st determined in a \aciium oven of the design 
which acconipanic.s tin* ab<>\e report. .Vnmerouv results on 
chock samples have confirmed the romiinlt<<*‘.s Cf>ncIu.^ions. 
The oven recommetided by the i‘f»mnijite<- is constructed on 
the l>asis of well-known primiples and it i > hoped that this 
type will l»e adopted generally by ebemi^sts who *fe called 
upon to analyze fats and oils. The experiments of the com¬ 
mittee indicate that it is a most rlirticult matter to design a 
vacuum oven which will produce uniform temperatures 
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throughout; and one of the principal ideas in the design 
adopted is uniformity of temperature over the entire single 
shelf. This idea has not quite been realized in practice but, 
aevertheless, the present design approaches much closer to 
the ideal than other vacuum ovens commonly used. In the 
drawing the essential dimensions are those between the heat¬ 
ing units and the shelf and the length and breadth of the 
outer casting. The standard Fat Analysis Ornmiittee Oven 
(F. A. C. Oven) can be furnished by Messrs. E. H. Sargent 
fL Company, 125 West Lake street, Chicago. 

The committee realizes that for routine work a qmcker 
method is desirable and has added one such method and 
has also stated the conditions under which comparable re¬ 
sults can be obtained by means of the ordinary well-venti- 
iated air oven held at 105 to 110° C. However, in accord¬ 
ance with a (undamental principle adopted by the committee 
at its Arst meeting, only one standard method is adopted and 
declared official fcr each determination. 

The committee realizes that in the case of all methods 
for determining moisture by means of loss on heating there 
may be a loss due to volatile matter (especially fatty acids) 
other than water. The title of the determination MOiSTuas 
AND VOLATILE MATTER indicates this idea, but any considerable 
error from this *jurce may occur only in the case of high 
add fats and oils and particularly those containing tower 
fatty acids such as coconut and palm kernqj oil. In the 
case of extracted greases whidi have not been properly puri¬ 
fied, some of the solvent may also be included in the mois¬ 
ture and volatile mafter determination, but inasmuch as the 
solvent, usually a petroleum product, can only be considered 
as foreign matter, for commercial purposes, it is entirely 
proper to include it with the moisture. 

The committee has also considered the various distillation 
methods for the determination of moisture in fats and oils. 
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but since according to the fundamental principles which it 
was endeavoring to follow it could only standardize one 
method, it was decided that the most desirable one on the 
whole was tlie vacuum-oven method as given. There arc, 
cases wherein a chemist may find it desirable to check a 
moisture determination or investigate the moisture content 
of a fat or oil further by means of one of the distillation 
methods. 

However, in co-operative work the distillation method in 
various types of apparatus has not yielded satisfactory re-, 
suits. The difliciilties apiiear to be connected with a proper 
choice of solvent and particularly with the tendency of 
drops of water to adhere to various parts of the glass ap¬ 
paratus instead of passing on to the measuring device. 
When working on coconut oil containing a high percentage 
of free fatty acids, concordant results could uoLbe obtained 
by the various members of the committee when working 
with identical samples, solvents and apparatuf. 

On the other hand, the committee found by individual 
work, co-operative work and collaborative work by several 
members of the committee in one laboratory, that the old, 
well-known direct heating method (which the committee has 
designated the hot plate method) yielded very satisfactory 
"results on all sorts of fats and oils including emulsions such 
as butter and oleomargarine and even on coconut oil sain- 
ides contiifiiiny_ 15 to 20 per cent free fatty acids and ,1 to ft 
per cent of moisture, llnfortmialcly, this method depends 
altogether on the operator's .skill and while the inelhod tn.iy 
be taught to any (lerson whether a chemist or not so that 
lie can obtain eseellent results with it. it is difficult to give 
a sufficiently complete description of it so that any««liennst 
anywhere after reading the description could follow it suc¬ 
cessfully. The method is undoubtedly worthy of much con¬ 
fidence in careful hands: It is quick, accurate and reliable. 
M6 
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11 is proliably tlic best single method for the determination 
of moisture in all sorts of samples for routine laboratory 
work. On account of this fact the committee desires to 
announce its willingness to instruct any person in the proper 
use of the method who desires to become acquainted with it 
and who will visit any committee member’s laboratory. 

INSOtUBUJ IMPUSniES. 

This delerinination, the title for which was adopted after 
careful consideration, determines the impurities which have 
generally been known as dirt, .suspended matter, su-spended 
solids, foreign solids, foreign matter, etc., in the past. The 
first solvent recommended by the committee is hot kerosene 
to l)c followed by iwlroleum ether kept at ordinary room 
temperature. Petroleum ether, cold or only slightly warm, 
is not a good fat and metallic .soap solvent, whereas hot 
kerosene disifolves these substa.ices readily, and for this 
reason tlic committee has recommended the double solvent 
method so as to e.xclude metallic soaps which are determined 
Itelow as soluble mineral matter. 

S01.UBI.E MINERAL MATTER. 

Soluble mineral matter represents mineral matter com¬ 
bined with fatty acids in the form of soaps in solution in 
the fat or oil. F'ol'mcrly, this mineral matter was often dc- 
Icnnined in rnmbin.ation by weighing the separated,imctiilHc 
soap or by weighing it in conjunction witli the wisnhtHc im¬ 
purities. Since the soaps present consist mostly of lime 
soap, it has been customary to calculate the lime present 
therein by taking 0.1 the weight of the total metallic soa|>s. 
T'lic .standard method as given above is direct and involves 
no calcuWlion. Tile routine method given in the note has 
been placed among the methods for the reason that it is 
used in some laboratories, but has not been adopted as a 
standard method in view of the fact that the committee has 
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made it a rule to adopt only one standard method. It 
should be tainted out, however, that the method cannot be 
considered accurate for the reason that insoluble impurities 
may vary from sample to sample to a considerable extent 
and the error due to the presence of large particles of in¬ 
soluble impurities is thus transferred to the soluble mineral 
matter. The committee has found one type of grease 
(naidrtha bone grease) which shows most unusual charac¬ 
teristics. The type sample contains 4.3 per cent soluble 
mineral matter by the committee method which would be 
equivalent to 43.0 per cent free fatty acid. The kerosene 
and gasoline filtrate was particularly clear, nevertheless the 
ash was found to contain 36.43 per cent P-Oa equivalent to 
79.60 per cent of Ca,(POa). and 9.63 per cent of FejOi. 
The method, therefore, determines the solidile mineral mat¬ 
ter in this case satisfactorily hut the factor 10 is not ap¬ 
plicable for calculating the fatty acids combined therewith. 
It is necessary, therefore, in order to ^eter.uine the fatty 
acids combined with soluble mineral matter in the original 
sample to determine the actual bases in the soluble mii\eral 
matter as obtained by ashing the kerosene and gasoline fil¬ 
trate. To the bases so determined the faetor 10 can then 
he applied. 

VREE EATIV Anil. 

Tile fatty acid method adopted is sufficiently accurate for 
commercial jlurposes. In many routine laboratories the fat 
or oil is measured ami not weighed, but the committee rec¬ 
ommends weighing the sample in all cases. For scientific 
purposes the result is often expressdd as "acid number,” 
meaning the number of milligrams of KOH re^yired to 
neutralize the free acids in one gram of fat, but the com¬ 
mercial practice has been, and is, to express the fatly acids 
as oldc acid or in the case of palm oil, as palmitic acid, 
in some instances. The committee .sees no objection to the 
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continuatioii of this custom so long as the analj^ical report 
clearly indicates how the free acid is expressed. For a 
more exact expression of the free acid in a given fat, the 
committee recommends that the ratio of acid number to 
saponification number be used. This method of expressing 
results is subject to error when unsaponifiable fatty matter 
is present, since the result expresses the ratio of free fatty 
acid ta total saponifiable fatty matter present. 


Ttixa. 

At the present time the prices of gycerol and caustic pot¬ 
ash are abnormally high, but the committee has considered 
that the methods adopted are for normal times and normal 
prices. For routine work during the period of high prices 
the following method may lie used for preparing the fatty 
acids and i^recommended by the committee: 

Fifty .grams of fat are saponified with 60 cc. of a solution 
of 2 parts of mc,hyl alcohol to 1 of 50 per cent NaOH. 
The soap is dried, pulverized and dissolved in 1000 cc. of 
water in a porcelain dish and then decomposed with 25 cc. 
oK7S per cent sulphuric acid. The fatty acids are boiled 
until clear oil is formed and then collected and settled in a 
150-cc. beaker and filtered into a 50-cc. beaker. They are 
then heated to 190° C. as rapidly as possible with stirring, 
and transferred, after they have cooled somewhat, to the 
usual 1-in. by 4-in. tiler tube. 

The method of taking the titer, including handling the 
thermometer, to be followed is the same as that described in 
the standard methcgl. Even at present high prices many 
laboratories are using the glycerol-caustic potash method 
for prCifitring the fatty acids, figuring that the saving of 
time more than compensates for the extra cost of the re¬ 
agents. Caustic soda cannot be substituted for caustic pot¬ 
ash in the glycerol method. 
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UNSATONIFIABLE MATTEK. 

The committee has emtsidered unsaponinahic matter to 
include those substances frequently found dissolved in fata 
and oils which arc not saponified by tlie cuistic alkalies anil 
which at the same time arc soluble in the ordinary fat 
solvents. The term includes such substances as the higlier 
alcohols* such as cholesterol which in found in animal fats, 
phytosterol found in some vegetable fats, paraflin and petro' 
leiim oils, etc. Unsaponifjabi^ matter should not be con¬ 
fused in the lay mind with insolcule impurities ok soluri.k 
MIN'EKAI. MATTER. 

The method adopted hy the committee has been selected 
only after tl)e most careful coiisi<leration of other metliods, 
such as the dry c.straetiuii method and the wet method mak¬ 
ing use of tlic separatory funnel. At first consideration the 
dry extraction process would seem to offer tke host liasis 
for an unsaponifiable matter metliod, Imt in ]>ractiae it has 
been found absolutely impossible fi>r dfiTcrmt analysts t») 
obtain agreeing results when using any of the dry extrac¬ 
tion methods proposi'd. Therefore, this method had to )»e 
alwndoncd after iiunKTous trials, although several inemUbrs 
of the committee strongly favored it in the iK-ginning. 

Iodine NuMBtai—The iodine number adopted by tin* com¬ 
mittee is that deternuiicd hy the well-known Wijs method. 
Thi^ method was adopted after careful comparison with the 
Ilaniis and iTiibl methods. The llhbl method was elimi¬ 
nated from consideration almost at the lieginniiig of the com¬ 
mittee’s work for the rea.son that the time required for 
complete absorption of the iodine is unneccs.sarily long and, 
in fact, even after absorption has gone ini over night, it is 
apparently not complete, fn the ca.se of the Hanus*Shd Wijs 
methods complete absorption takes place in from 15 minutes 
to an hour, depending on conditions. Formerly, many 
chenusts thought the Hanus solution rather easier to prej^re 
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than the Wijs solution, but the experience of the committee 
was that the Wijs solution was no more difficult to prepare 
than the Ilanus. Furtliermore, absorption of iodine from 
the Wijs solution appeared to take place with greater 
promptness and certainty than from tlie Hanus and was 
complete in a shorter time. Re.suils by the Wijs method 
were also in better agreement in the case of oils showing 
high-iodine absorption than with the Hanus solution and 
.showed a sli^tly higher iodine absorption for the same 
length of time. However, the difference was not great. 
The committee investigated the que.stion of substitution 
•since it has been suggested lhat in c;i.se of the Wijs .solution 
substitution of iodine in the organic molecule might occur, 
and found no evidence of this in the time required for 
the determination, namely, hr., or even for a somewhat 
longer peipod. One member of the committee felt that it 
was not desirable to introduce the Wijs method into these 
standard m-tliods since the Ilanus method was already 
standardized by the Association of Oflicial Agricultural 
Chemists, but the committee felt that it must follow the 
principle established at the commencement of its work, 
namely, that of adopting the method which appeared to 
be the best from all standpoints, taking into consideration 
.accuracy, couvtnicnce, simplicity, time, expense, etc., with¬ 
out allowing precedent to have the deciding vote. 

Iodine Numbek, Tunc On.—The committee has made an 
extensive study of tile application of the Wijs method to 
the determination of iodine value in the case of tung oil 
with the result that it recommends the method for this oil 
but has thought it desirable to limit the conditions under 
whieffThe determination is conducted rather narrowly, al¬ 
though reasonably good results are obtained by the com¬ 
mittee method without making use of the special limitations. 

The co-operative work of the committee and the special 
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investigations conducted by individual members bring out 
the following points; 

Mnence of Temperaltare—Vrom 16° C. to 30° C there 
is a moderate increase in the absorption, but above 30° the* 
increase is rather rapid so that it was thought best to 
limit the temperature in the case of tung oil to 20° to 25° C. 

Influence of Time—The absorption increases with the 
lime but apparently complete absorption, so far as unsat- 
urated bonds are concerned, occurs well within one hour’s 
time. Consequently, one hour was set as the practical limit. ■ 

Influence of Excess—Tht excess of iodine solution also 
tends to increase the iodine number, hence the Committee 
thought it necessary to limit the excess rather rigidly to 
55 ± 3 per cent, although with greater latitude results were 
reasonably good. 

Influence of Age of i'o/iid'on—Old solutions fend to give 
low results although up to 2 mo. no great difference were 
observed. Nevertheless, it was thought lidSt to. limit the age 
of the solution to 30 days-long enough for all practical 
purposes. 

Amount of Sample—As a practical amount of sample to 
be weighed out the Comniittec decided on 0.15 g. with a 
tolerance of 0.05 g. in either direction according to prefer¬ 
ence. In other words, the amount of sarfiple to be taken 
for the deternrination to be from 0.1 to 0.2 g. in the discre¬ 
tion of the analyst. 

The Committee’s study of the Htibl method which has 
been adopted by the Society for Testing Materials in the 
case of tung oil indicates that this mpthod when applied 
to tong oil is subject to the same influences as the Wijs 
method and it has the additional very serious disatfvantage 
of requiring a long period of time for absorption which 
cannot be considered reasonable for a modem analytical 
method. When using the HUM solution, the absorption is 
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not compktc in the case of tmig oil at 3, 7, 18 or even 24 
hrs. 

The Hanus method in the case of tung oil g^ves very 
>high and erratic results, as high as 180 to 240 in ordinary 
cases for an oil whose true iodmc number is about 165. 

MELTING roiNT. 

A melting point is the temperature at which a solid sub¬ 
stance assumes the liquid condition. If the solid is a pure 
substance in the crystalline condition the melting pouit is 
sharp and well defined for any given pressure. With in¬ 
creased pressure the melting point is lowered or raised, de¬ 
pending on whether the substance contracts or expands in 
melting. The lowering or raising of the melting point with 
pressure is very slight and ordinarily is not taken into 
consideratiqn. Melting-point deternunations are commonly 
rarrie(^ out under ordinary afmosphcric pressures without 
correction. Jhe general effect of .soluble impurities is to 
lower tile melting point, and this holds true whether the 
impurity has a higher or lower melting point than the pore 
sulb.stance (solvent). Thus if a small amount of stearic acid 
he added to liquid palmitic acid and the solution frozen, the 
melting point of this solid will be lower than that of palmitic 
acid. Likewisc*the melting t»int of stearic acid is lowered 
hy the addition of a small amount of palmitic acid. A eutec¬ 
tic mixture results when two components sglidify simulta¬ 
neously at a definite temperature. Such a mixture has a 
constant melting point and because of this and also because 
both solid and liquid phases have the same composition, 
eutectic mixtures were formerly looked upon as com¬ 
pounds.* The phenomenon of double melting points has 
been observed in the case of a number of glycerides. Such 
a glyceride when placed in the usual capillary tube and 
subjected to increasing temperature quickly resolidifies only 
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to melt again and remain melted at a still higher tempera* 
ture. This phenomenon has not yet been sufficiently in* 
vcstigaled to aifurd a satisfactory explanation. 

Non*crystalline substances such as glass, sealing wax and 
various other waxes and wax mixtures, and most colloidal 
substances do not exhibit a sharp melting ixiint, but under 
the application of heat first soften very gradually and at a . 
considerably higher temperature melt sufficiently to flow. 
This phenomenon of melting through a long range of tem¬ 
perature may be due to the amorphous nature of the sub-« 
stance or to the fact that it consists of a very large numiKr 
of components of many diflfereut melting points. 

The fats and oils of natural origin, that is, the animal and 
vegetable fats and oils, consist of mixtures of glycerides and, 
generally speaking, of a considerable number of such com¬ 
ponents. Tlicsc components are crystalline aivi when sep¬ 
arated in the pure state have definite melting pqjnts, al- 
tliough some exhibit the phenomenon of double melting 
point. For the most part the naturally occurring glycerides 
are mixed glycerides. In the natural fats and oils there are 
present also certain higher alcohols, of which cliolcstcroV is 
characteristic of the animal fats and oils and phytosterol of 
many of the vegetable fats and oils. In addition to tlic 
crystalline glycerides and the higher aldbhols present in 
neutral fats, tiiere arc in fats of lower grade, fatty acids, 
which arc crystalline, and also various non-crystalline im¬ 
purities of an unsaponifiabe nature, and the presence of 
these impurities tends to lower the melting point. They 
also tend to induce undercooling and ^en the liquid fat or 
oil is being cliilled for purposes of solidification or in de¬ 
termination of titer. 

Tile presence of water, especially when this is thoroughly 
mixed or emulsified with a fat or oil, also influences the 
melting point to a marked extent, causing the mixture to 
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melt through a longer range of temperatures than would he 
the case if the water were absent. This is particularly true 
of emulsified fats and oils, such .is butter and oleomargarine, 
both of which contain, besides water, the solids naturally 
present in milk or cream and including casein, milk sugar, 
and salts. The melting-point method recommended by the 
Committee is not applicable to such emulsions or other 
watery mixtures and the Committee has found it impossible 
to devise an accurate method for making softening-point or 
melting-point determinations on products of tliis nature. 
Mol only the amount of water present but also the fineness 
of its particte,s, that is, its state of subdivision and distri¬ 
bution, in a fat or oil influences the softening [loint or melt¬ 
ing point and causes it to vary widely in different samples. 

As a consequence of the foregoing facts, natural fats and 
oils do notrexhihit a definite uielting point, composed as they 
are of mixtures of various crystalline glycerides, higher 
alcohols, fatly acids, and non-cy,stalline substances. There¬ 
fore, the term melting point when applied to them requires 
further dennitiori, Tliey exhibit first a lower melting point 
(the melting point of the lowest melting component) or 
what might be called the softening point and following this 
the fat softens through a shorter or longer range of tem¬ 
perature to thc*final melting point at which temperature the 
(at is entirely liquid. This is the melting point determined 
by the Committee’s melting-point method. • The range be¬ 
tween the softening point and the final melting point varies 
greatly with the different fats and oils depending on their 
chemical componwits, the w'ater associated with them, 
emulsification, etc. In the case of coconut oil the range 
Ixitwfcff softening point and final melting point is rather 
short; in the rase of butter, long. Various methods liave 
been devised to determine the so-called melting point of fats 
and oils. Most of these methods, however, determine, not 
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the melting point, but tlie softening point or the flow point 
of the fat and the great difficulty has been in the past to 
devise a method which would determine even this point 
with reasonable accuracy and so that results could be easily 
duplicated. It has been the aim of the Committee to 
devise a simple method for the determination of the melting 
point of fats and oils, but it should be understood that the 
term melting point in the scientific sense is not applicable to 
natural fats and oils. 
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Horizontal Crutcher 
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Automatjc Power Cutting Tabt.e 



Automatic Press (Launbsy) 
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CiirriNu Table (Hank) 
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ScouKiNG Soap Pkess 


Frame 
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Soap Powder Equipment 
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SoAf PmviiKK Mixer 
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T<hi,et Soap Equipment 
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Milling Box 
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Toilet Soap Mill 
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Horizontal Chipper 
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tRAW MATERIALS 


The tallow in the bleaching tank is heated to 180° F. 
(82° C.) and ten pounds of dry salt per ton of fat used 
added and thoroughly mixed by agitation. This addition 
coagulates any albumen and dehydrates the fat. The 
whole mass is allowed to settle over night where possible, 
or for at least five hours. Any brine which has sejrarated is 
drawn off from the bottom and the temperature of the 
fat is then raised to IfiO” E. (71° C.J. 

’ Five per cent, of the weight of the tallow operated 
upon, of dry Fuller’s earth is now added and the whole 
mass agitated from twenty to thirty minutes. 

The new bleached fat, containing the Fuller’s earth is 
pumped directly to a previously heated filter press and 
the issuing clear oil run directly to the soap kettle. 

One of the difficulties e-viierienced in the process is the 
heating of the press to a temperature sufficient to prevent 
solidificntion of the fat 'without raising the press to too 
great a,tciv,‘perature. To overcome this the first plate is 
heated by wet steam. Air delivered from „ blower and 
heated by passage through a series of coils raised to a 
high temperature ^ external application of heat (super¬ 
heated steam) is then substituted for the steam. The 
moisture produced by the condensation of the .steam, is 
vaporiaei hi- the hot air and carried on gradually to each 
succeeding plate where it again condenses and vaporizes. 
In this way the small quantity of water is carried through 
the entire press, raising its tempcraflire to 80°-l(X)° C. 
This temperature is subsequently maintained by the 
passdl^e of hot air. By this method of heating the poor 
conductivity of hot air is overcome through the inter¬ 
mediary action oj a liquid vapor and the latent heat of 
steam is utilized to obtain the initial rise in temperature. 
To heat a small press economically where conditions are 
such that a large output is not required the entire press 
5 
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may be encased in a smalt wooden house which can be 
heated by steam coils. The cake in tlie press is heated lor 
some time after the filteration is complete to assist draint 
age. After such treatment the cake should contain ap¬ 
proximately IS per cent, fat and 25 per cent, water. The 
cake is now removed from the press and transferred to a 
small tank where it is treated with sufficient caustic soda 
to convert the fat content into soap. 

Saturated brine is then added to salt out the soap, the 
Fuller’s earth is allowed to settle to the bottom of the 
tank and the soap which solidities after a short time is 
skimmed off to be used in a cheap soap where color is 
not important. The liquor underneath may also be run 
off without disturbing the sediment to be used in grain¬ 
ing a similar cheap soap. The waste Fuller’s earth con¬ 
tains about 0.1 to 0.3 per cent, of fat. 

METHOD m FUaTUEX ISIl'ROVEStENT OF COLOR. 

A further improvement of the color of the talhw may 
be obtained by freeing it from a portion of its free fatty 
acids, either with or without previous Fuller’s darth 
bleaching. 

To carry out this process the melted fat is allowed to 
settle and as much water as possible taken off. The tem¬ 
perature, is then raised to 160° F. with dry steam and 
enough saturated solution of soda ash added to remove 
0.5 per cent, of th| free fatty acids, while agitating the 
mass thoroughly mechanically or by air. The agitation 
is continued ten minutes, the whole allowed to settle for 
twp hours and the foots drawn off. The soap thus formed 
entangles a large proportion of the impurities of the fat. 

VEGETASIF. OILS. 

CoctaHut Oil, as the name implies, is obtained from tiie 
fruit of the cocoanut palm. This oil is a solid, Vhite fat at 
ordinary temperature, having a bland taste and a charac- 
f 
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teristic odor. It is rarely adulterated and is very readily 
iaponiSed. In recent years the price of this oil has in¬ 
creased matenally because cocoanut oil is now being used 
extensively for edible purposes, especially in the making of 
oleomargarine. Present indications are that shortly very 
little high grade oil will he employed for soap manufacture 
since the demand for oleomargarine is constantly increas¬ 
ing and since new methods of refining the oil for this pur 
pose are constantly being devised. 

The oil is found in the market under three different 
grades; (1) Cochin cocoanut oil, the choicest oil comes 
from Cochin (Malabar). This product, being more care¬ 
fully cultivated and refined than the other grades, is 
whiter, cleaner and contains a smaller percentage of free 
acid. (2) Ceylon cocoanut oil, coming chiefly from Cey¬ 
lon, is visually of a yellowish tint and more acrid in odor 
thaig Cochin oil. (3) Continental cocoanut oil (Copra, 
Freudenborg) is obtained from the dried kernels, the copra, 
which are shipped to Europe in large quantities, where tlie 
oil is Extracted. These dried kernels yield 60 to 70 per 
cent oil. This produst is generally superior to the Ceylon 
oil and may be used as a verj' satisfactory substitute for 
Corhin oil, in soap manufacture, provided it is low in free 
acid and ofgood color. The writer has employed it satis¬ 
factorily in the whitest and fine-st of toilet soaps without 
being able to distinguish any disadvant^c to the Cochin 
oil. Since continental oil is usually cheaper than Cochin 
oil, it |s advisable to use it. as occasion permits. 

Cocoanut oil is used extensively in toilet soap making; 
usually in connection with tallow. When used alone 
the soap made froiff this oil forms a lather, which comes 
up aapidly- but which is fluffy and dries quickly. A pure 
tallow soap lathers very much slower but produces a more 
lasting lather. Thus Ae advantage of using cocoanut oil 
7 
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in snap is seen, it is furlhcr used in making' a cocuanut 
oil soap by the cold process also for "fake" or filled soaps. 
The fatty.acid content readily starts the saponification 
which lakes place easily with a strong lye (25°-35° B.). 
Where large quantities of the oil are saponified care must 
be exercised as the soap formed suddenly rises or puffs 
up and may boil over. Cocoanut oil soap takes up large 
quantities of water, cases having been cited where a 500 
per cent, yield has been obtained. This water of coiirse 
dries out again upon exposure to the air. The soap is 
liar.sli to the skin, develops rancidity and darkens readily. 

Palm Kernel Oil, which is obtained from the kernels of 
the palm tree of West Africa, is used in soap making to re¬ 
place cocoanut oil where the lower price warrants its use. 
It resembles cocoanut oil in respect to saponification and 
in forming a very similar soap Kernel oil is while in 
color, has a pleasant nutty odor when fresh, but ra^dly 
develops free acid, which runs to a high liercqntage. 

Palm Oil is produced from the fruit of the several species 
of the palm tree on the western coast of Africa geaerally, 
but also in the Philippinjs. The fresh oil has a deep orange 
yellow tint not destroyed by saponification, a sweeti.sh taste 
and an odor <if orris root or violet which is also imparted 
to joap made from it. The methods by which»tbe natives 
obtain the oil are crude and depend upon a fermentation, or 
putrefaction. l.arge quantities are said to be wasted be¬ 
cause of this factf The nil contains impurities in the form 
of fermentable fibre and albuminous matter, and conse¬ 
quently develops free fatty acid rapidly. Sample? tested 
for free acid have been found to have hydroliaed completely 
and one seldom obtains an oil witlj low arid ronteiil 
Because of this high percentage of free fatty acid.^ the 
glycerine yield is small, though the neutral oil should 
produce approximately 12 per cent, glycerine. Some 
• 



PLANT AND MACHINERY 



217 


Crude Glycerine Plant 
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Appendix 


, Tallies uiarktil * are taken from the German Year 
Book for Soap Industry. 
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(U. S. BUREAU OF STANDARDS) 

THE METRIC SYSTEM. 

The fandamental unit of the metric system is the meter 
(the unit of length). From this the units of mass 
(gram) and capacity (liter) are derived. AU other units 
are the decimal sub-divisions or multiples of these. These 
three units are simply related, so that for all practical 
purposes the volume of one kilogram of water (one'liter) 
is equal to one cubic decimeter. 


Prefixes. ■ Meaning. 

Units. 

Mini- = one thousandth 1-1000 .001 

Centi- = one hundredth 1-100 .01 

Dcci- = one tenth 1-10 .1 

Unit = one • 1. 

Deka- = ten 10-1 10. 

Hecto- = one hundred 100-1 100. 
Kilo- = one thousand 1000-1 1000. 

Meter for length. 

Gram for mars. 

Liter for capacity. 


The metric terms are formed by combining the words 
“Meter,” "Gram” and “Liter" with the six numerical 
prefixes. 

Iengtr 


10 milli-meters mm 
10 centi-meters 
fO deci-meters 

10 meters . 

10 deka-meters 


= 1 centi-meter .cm 

= 1 deci-meter ..dm 

= 1 meter (about 40 inches)... .m 

= 1 deka-meter ......dfcm 

= 1 heeto-meter.h.m 


10 hecto-meters .... = 1 kilo-meter (about mile)..km 
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10 milli-grams. 

Mass. 

m g rr 1 centi-gram . 

..eg 

10 centi-grams 


..dg 

10 ded-grams .. 


....g 

10 grams . 


dkg 

10. Deka-grams 


..hg 

10 hecto-grams 

. — 1 kilo-gram (about 2 pounds).kg 

10 milli-liters . 

Capacity. 

..ml = 1 centi-liter . 

...cl 

10 centi-liters . 


..dl 

10 deci-liters . 


....1 

10 liters . 


.dkl 

10 deka-fiters . 

. = 1 hecto-liter (about a barrel)..hi 

10 hecto-liters 

.— 1 kilo-liter . 

...kl 


The square and cubic units are the squares and cubes of 
the linear units. 

The ordinary unit of land area is the Hectare {aboat 
2^ acres). 
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U. S. BUREAU OF STANDARDS TABLE OF 
METRIC EQUIVALENTS 

Meter = 39.37 inches. 

Legal Equivalent Adopted by Act of Congress July 28, 
1866. 


Lenoth. 

Centimeter. = 0.3937 inch 

Meter. =3.28 feet 

Meter. z= 1.094 yards 

Kilometer . = 0.621 statute mile 

Kilometer . = 0.S396 nautical mile 

Inch . = 2.540 centimeters 

Foot . = 0 j 30S meter 

Yard . = 0.9I4 meter 

Statute mile.= 1,61 kilomdlers 

Nautical mile. = 1.853 kilometers 

Aeea. 

Sq. centimeter.= 0.155 sq. inch 

Sq. tneter. = 10,76 sq. feet 

Sq. meter....... = 1.196 sq. yards 

Hectare .^.= 2.47 acres 

Sq. kilometer. = 0.386 sq. mile 

?<I. inch. = 6.45 sq. centimeters 

Sq. foot. = 0.0929 sq. meter,-. 

Sq. yard.= 0.836 sq. meter 

Acre_. = 0.405 hectare 

Sq. hiile. = ZS9 sq. kilometers 
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Weight. 


urani . 

= 15.43 

grains 

Gram. 

- 0.772 

U. S. apotli. scruple 

Gram . 

- 0.2572 

U. S. apoth. dram 

Gram ... 

0,03.53 

avoir, ounce 

Ctam. 

-= 0.03215 

troy ounce 

Kilogram. 

2.205 

avoir, pounds 

Kilogram. 

- 2.679 

troy pounds 

Mftric toll.*.... . 

- 0.984 

gross or long ton 

Metric ton. 

= 1.102 

short or net tons 

Grain. 

- 0.064 

gram 

G. S, apoth. scruple_ 

- 1.296 

grams 

G.^. apoth. drain. 

3.89 

grams 

Avofr. ohncf. 

28.35 

grams 

Trov ounce. 

= 31.10 

grams 

Avoir, ptmnd. 

-- 0.4536 

kilogram 

Trov pound. 

= 0.373 

kilogram 

Gro.ss or long ton. 

-= 1.016 

metric tons 

Short or net Ion. 

= 0.907 

metric ton 


Voi-UME. 

Cu. centimeter. = 0.0610 cu. inch 

Cu. meter.• . = 35.3 cu. feet 

.= 1,308 cu. yards 

Cu. ifich..... = 10.39 cu. centimeters 

foot. = 0.283 cu. meter 

Cu. yard. — 0J6S cu. meter 
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Capaoty. 


Millimeter . = 0.0338 U. S. liq. ounce 

Millimeter .= 0.2705 U. S. apoth. dram 

Liter.— 1.057 U. S. liq. quarts 

Liter . = 0.2642 U. S. liq. gtallon 

Liter . = 0.908 U. S. dry quart 

Dekaliter . .= 1.135 U. S. pecks 

Hectoliter . = 2.838 U. S. bushels 

U. S. liq. ounce. = 29.57 millimeters 

U. S. apoth. dram. = 3.70 millimeters 

U. S. liq. quarts. — 0.946 liter 

U. S. dry quarts. = 1.101 liters 

U. S. liq. gallon. = SJ'SS liters 

U. S. peck. = 0.881 dekaliter 

U. S. bushel. = 0.3524 hectoliter 


AVOIRDUPOIS WEIGHT. 

1 pound = 16 ounces = 256 drams 
1 ounce =16 " 

TROY (APOTHECARIES’) WEIGHT (U. S.) 

1 pound ss C2 ounces ss 96 drams =: 288 scruples =: 5,760 gratna 

1 oniii .0 = 8 drams ss 24 scrui^es 480 grains 

1 dram s 3 scruples s 60 grains 

1 scru^de ss 20 graiu 

WINE (APOTHECARIES) LIQUID MEASUWL(U,S.) 

I 

1 ^non = 8 pints ss 128 fl. oas, = 1,024 fl. drams =:■ 61,440 fflinims 

1 pint ss 16 fl. oas. ss 128 fl. drams ss 7,689 minl^ 

1 fl. oa. s 8 fl. drains = 480 minims 

1 fl. dram ss 60 minima 
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Unful Information 


To M immetor of a etrelt multiply drcumierenec by 
.31831. 

To Uni circumferiMi of o circle, multiply diameter by 
3.1416. 

7o H«d area of a circle, multiply square of diameter by 
.7854. 

To SHdtturface of a ball, multiply square of diameter by 
3.1416. 

To ind tide <tf an equal square, multiply diameter by 
8862. 

To Snd cubic inches in a ball, multiply cube of diameter 
by .5236. 

Doubling the diameter of a pipe, increases its capacity 
four times. . 

One cubic fn,tl ol anthracite coal weighs about 53 lbs. 

One cubic foot of bituminous coal weighs from 47 to SO 
pounds. * 

A gallon of svat^ (U. S', standard) weighs 8 1/3 pounds 
and contains 231 cubic inches. 

A cubic fool of water contains 7)4 gallons, 1728 cubic 
inches and weighs 62^ pounds. 

To find the number of pounds of y/ater a cylindrical 
tank contains, square the diameter, multiply tty .785 and 
then by the height in feet. This gives the number of cubic 
feet which muWplied by 62)4 gives the capacity in pounds 
of wa^,... Divide by 7)4 and ^is gives the capacity in gal¬ 
lons! 

j,A horse-power is equivalent to raising 33,000 pounds 1 
Toot per minute, or 550 pounds 1 foot per second. 
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The friction of n-ater in pipes is as the square of velocity. 
The eapacity of pipes is as the square of their diameters; 
thus, doubling: the diameter of a pipe increases its capacity 
four times. 

To hnd the diaincier of a pump cylinder to move a given 
quantity of water per minute (100 feet of pi.ston being the 
standard <if speed), divide the number of gallons by,4, 
then extract the square root, and the product will be the 
diameter in inches of the pump cylinder. 

To find the horsc-power necessary to ehrealc water to a 
given height, multiply the wei.ght of the water elevated per 
minute in pounds by the height in feet, and .lividc the 
product by 3.'!,(XX) (aii allowance should be added for water 
friction, and a further allowance for loss in steam cylinder, 
say from 20 to 30 per cent). ■ 

To compute the capacity of pumping eiiginej,'muiti|ily 
the area of water piston, in inches, by the distance it travels, 
in inches, in a given lir-e. Deduct 3 per cent for slip and 
rod displacement. The product divided by 231 gives the 
number of gallons in time named. , 

To find the velocity in feet per minute necessary to dis- 
cliarg* a given volume of water in a given time,, multiply 
the numher.of cubic feet of water by 144 aud divide the 
product by the araa of the pipe in inches. 

To find the area of a required pipe, the volume and vel¬ 
ocity of water being given, multiply the (jumber of cubic 
fftt of water by 144 and divide the product by the velocity 
in feet per minute. The area being found, tlie cfiaiftstcr tan 
be learned by using any table giving tlie “area of circles" 
and fimiing the nearest area, oppo.sitc to which will be foudHj 
the drameter to correspond. 
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Physical asd Chemical Constants of Fixed Oils and Pats. 

(Fovv l.tuKonitM.ii ANit oiiiiu AtTnojitrifcii) 
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— n* 
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y>iy 
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oil. 
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(ML'I-tMiJii 
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j yiii'4 
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TbpAoaX tad Ohemlcal Ctonatants of Fixed OUe wul 
Fate. 

(Fmii Lewkowrhckaiid oTau AunMinn.} 
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*Temperati]i:e Correction Table for Hehner’s Concen¬ 
trated Bichronwte Solution for Glycerine Analyaia 
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*Compaii8on of Thermomur Sodes 

B Dqiw C driw ■ { » PagMC ReBiuiiar=n4^n Degra* Khnnhdt 
B Degree BeBiilnahp|ii Degree C^ai=^824-;B Degi 3e Fekresbelt 
B OegigB FelireBlielt=-|-<B—82) Degree CeUu»=-^{B—t2)Det. R 














































































USEKUT. INFORMATION 


*Qnantitiet of Alkali Required for Sapomficatton of 
' Fats of Average Molecular Weight 670 
• i ♦ (Cocoanut Oil, Palmkernel Oil) 



ISn.SB im.M 844.67| 

I srn.o SBos.r iisa.K> i 
ftor.io S708.96 tm.ez| s 
‘’iOS.SI W7».6», { 

’m.tri 4 

tss< |u < 

lUM.ttjiu. ” • '/i.ts;; 

{ 

msa'ttiiMv '4M.f8! I 


UO.S? «22.7l; 409.(1 
1020 .m! 1246.41 819.21 
1680.81 18(8.12 1228.88 
8041.01' 2490.88. 1(88.48 
2561.86 8118.64 204H.04 
8081.(1 8716.24 2467. 
8571.88 4868.96; 28U.8S 
4082.16 4981.^! 8278.86 
: 4592.42 6604 8886.47 

: 6102.69 6227.02! 4096.08 < 


*Oauitities of Alkali Required for Saponification of 
Fate of Average Molen-Weight 860 
_ (Tallow, Cottonseed 0 ’,iive Oil, Etc.) 
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DENSITY AND STRENGTH OF SULPHURIC 
ACID (SIDERSKY). 



1^7 1.9 

1.014 2.8 

1.022 3.8 

1.029 4.8 

1.037 5.8 

1.045 6.8 

1.0S2 7.8 

1.062 8.8 
1.067 9.8 

1.075 10.9 
t.083 11.9 
1.091 13.0 
1.100 14.1 
1.108 15.2 
1.116 16.2 
1.125 17.3 
1.134 18.5 
1.142 19.6 
1.152 20.8 

l.r62 22.2 

1.171 23.3 
1.180 24.<S 
1.190 . 25.8 
1.200 27.1 
1.210 28.4 
1.220 29.6 
1.231 31.0 
1.241 32.2 
1.252 33.4 
1.263 34.7 
55 1.274 36.0 
57 1J85 37.4 
60 38.8 


52.630 96.930 
35.710 66.450 
25.650 47.230 
20.410 37.582 
16.670 30.690 
14.085 25.938 
12.198 22.460 
10.755 19.803 
9.524 17.540 
8.547 15.740 
7.752 14.278 
7.042 12.969 
6.452 11.682 
5.9S3 10.962 
5.526 10,177 
5.405 »^54 

4.76 8^70 

4.465 8.^?3 

4.184 7.7i3 

3.876 7.i:l{ 

3.663 6.745 

3.541 6.521 

3^258 5.999 

3!b77 5.666 

2.907 5.353 

2.770 5.102 

2.618 4.865 

2.500 4.604 

2.392 4.406 

2.283 4.205 

2.179 4.012 

2.079 3.829 

1.988 3.661 


62 

1.3Q8 

40.2 

1.905 

64 

66 



1.821 

1.745 

69 

1.345 

144.4 

1.665 

71 

1.357. 


••./'21 

74 

1.3?;F 


1.558 

77 

1.38| 

%3 

1.497 

80 

1.39{ 

49.8 

1.436 

82 

1.410 

51.2 

1.386 

85 

1.424 

52.r 

1.335 

88 

1.438 

54.0 

1.287 

91 

1.453 

55.4 

1.237 

94 

1.468 

56.9 

1.195 

97 

1.483 

58.3 

1.156 

100 

1.498 

S9.6 

1.116 

103 

1.514 

61.0 

1.080 

106 

1.S30 

62.5 

1.045 

108 

1.540 

64.0 

1.010 

113 

1.563 

65.5 

0,975 

116 

1.580 

67.0 

0.950 

120 

1.597 

68.6 

01917 

123 

1.615 

70.0 

0.888 

127 

1.634 

71.6 

0.855 

130 

1.6S2 

73.2 

0.845 

134 

1.671 

74.7 

0.800 

138 

1.691 

76.4 

0.774 

142 

1.711 

7.8.1 

0.749 

146 

1.732 

79.9 

0.722 

151 

1.753 

81.7 *3 

0.705 

155 

1.774 

84.1 

0.672 

160 

1.798 

86.5 

0.639 

164| 

: 1.819 

89.7 

0.609 

168 

1.843 

1004) 

0.544 


3.508 

3.354 

3.214 

3.085 

2.98S 

2.869 

2.757 

2.646 

2.551 

2.459 

2.370 

2.270 

2.200 

2.130 

.2.050 


1.930 

1.860 

1.800 

1.740 

1.690 

1.630 

1.570 

1.520 

1.470 

1.430 

1.390 

1.320 


{; 


280 

235 


1.190 


•km 


1.000 
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USEFUL INFORMATION 

*Dciuitiei of Potatsium Carbonate Solutiona 

at 16 C (Genladi) 




Sp.Gr. 

Percent 
of pure 
KtCOx 

Sp. Gr, 

Ptf cent 
of pure 
KaCO, 

1.09914 

1 

1.18266 

19 

1.38279 

1 37 

1.01829 

2 

1.19286 

20 

1.39476 

88 

1.02748 J 

8 

1.20844 , 

t 21 

1.40673 1 

89 

1.03688 

4 

1.21402 

. 22 

1.41870 

40 

1.04572 

6 

1.22469 

i 23 

1.43104 

41 

1.05818 

6 

1.28517 

! 24 

1.44333 

42 

1.06464 

7 

1.24676 

I 26 

1.45578 

43 

1.07896 

8 

1.26681 

26 

1.46807 

44 

1.08387 

9 

1.26787 

27 

1.48041 

45 

1.09278 

iO 

1.27893 

28 

1.49814 

46 

1.10268 

11 

1.28999 

29 

1.60688 

47 

1.112;: 

12 

1.80106 

80 

1.51861 

48 

1.12219 

13 

1.81261 

81 

1.68136 

49 

1.18199 

14 

1.32417 

82 

1.64408 

! 60 

1.14179 

15 

1.33673 

88 

1.56728 

51 

1,16200 

16 

1.84729 

84 

1.57048 

62 

1.16229 

17 

1.86885 

85 

1.57079 

68.024 

1.17243 

• 

18 

1.37082 

86 




*Cofututa of Certain Fatty Ac^da and Triadyceridea 


Trigijraridw 

of 

MoLWt. 

oiFittr 

Add 

MAWt 

MTti- 

droeiidH 

1 Faraalr'ZWd' 

Fottgr 

Glmrioa 

Stctric Add. 


890 

95.78 

10.84 

OMcAdd. 



96.70 

io.<a 

Hnurle Add. 

270 


95.52 

10.85 

Pilinitle Add. 

266 


95.28 

11.42 

Mpriide AeUL. 

228 1 


94.47 

12.74 

L^c Add. 

200 


94.04 

14.42 

^CiddeAdd. 

172 


98.14 

15.48 

C^nie Add..-. 

116 


90.16 

28.88 

BatpdeAdd. 

■i 


87.41 

30.4e 
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SOAP-MAKING MANUAL 


PERCENTAGES OP SOLID CAUSTIC SODA AND I’AUSTIC 
POTASH JN CAUSTIC LYES ACCORDING TO BAUME SCALE. 


Degrees 

% 

% 

Degrees 

% 

% 

Btume. 

NaOH 

KOH 

Baume. 

NaOH 

KOII 

I 

0.61 

0.90 

26 . 



2. 

. 0.93 

1.70 

27. 

. 20.59 

25.10 

3 . 

. 2.00 

2.60 

28. 

. 21.42 

26.10 



3.50 


. 22.64 


5. 

. 3.35 

4.50 

30. 

. 23.67 

28.00- 

6. 

. 4.00 

5.60 

31. 

. 24.81 

28.90 

?. 

. 4.SS6 

6.286 

. 

. 25.80 

29.80 

8..,. 

. 5.29 

7.40 

.13 . ... 

. 26.83 

30.70 

9 . 

. 5.87 

8.20 

.14. 

. 27.80 

31.80 

10. 

. 6.55 

9.20 

35 . 

. 28.8.1 

32.70 

n. 

7.31 

10.10 

36. 

. 29.93 

33.70 

12. 

. 8.00 

10.90 

.'7. 

. 31.22 

34.90 

13. 

. 8.68 

12.00 

.18. 

. 32.47 

35.90 

M. 

9.42 

12.90 

39. 

. 33.69 

36.90 

IS. 

. 10.06 

13.80 

40. 

. .14.96 

37.80 

16. 

. 10.97 

14.80 

41. 

. .16.25 

38.90 

17. 

. 11.84 

15.70 

42. 

. 37.53 

39.90 

18. 

. 12.64 

16.50 

43. 

. 38.80 

40.90 

19 . 

. 13.55 

17.60 

44. 

. 39.99 

42.10 

20. 

. 14.37 

18.60 

45. 

. 41.41 ; 

43.40 

21. 

. 15.13 

19.50 

46. 

. 42.83 

44.60 

22.. . 

. 15.91 

20.50 

47. 

. 44. .18 

45.80 

23. 

. 16.77 

21.40 

48. 

. 46.15 

47.10 

24. 

. 17.67 

22.50 

•49. 

. 47.58 

48.2.S 

2.S . 

. 18.58 

23.30 

50. 

. 

49.40 


GIA'CEKINE CONTENT OP MOKE COMMON OIIjS AND 
FATS USED IN SOAP MAKING. 

V .h P 



w 

•SHtOg 

*.s 

Ih'O'ii 

«*S 

ii. 

h 

Kin< 

Theoret 
Yield 0 ! 
Glycerin 
Neutral 
or Fat. 

Sjji 

E_: 

% Pure 
cerine it 
mercial 

mC'C 

•o bS 

*3^ >> 

Beef Tallow. 

.. 10.7 

• 5 

10.2 

12.75 

Bone Grease. .. s 

.. 10.5 

20-50 

5.2 - 8.4 

6.5 —10.5 

Castor Oil. 

9.8 

05-10 

8.8— 9.8 

n.O —12.45 

Cotoaiuit Oil. 

.5. 13.9 

3—5 

13.2—13.5 

16.5 —16.9 

Cocoanut Oil Off. 


15—40 

8.3-11.8 

10.,17—14.75 

Com Oil. 

.. 10.4 

1—10 

9.3—10.3 

11.62—12.9 

Cottonseed Oil... 

.. 10.5 

Trace 

10.6 

13.25 

lIoK Grease...... 

.. 10.6 

O.S-1 

10.5—10.6 

13.12-1,1.25 

Horse Grease. •.. 

... 10.6 

1-3 

10.5—J0.6 

13.12—13.25 

Oliee Oil. 

.. 10.3 

2—25 

7.7—W.2 

9.62—12.75 

Olive Foots. 


30—60 

4-7 .. 

5- 8.75 

Palm Oil. 

.. li.O 

10—50 

5.5-10 

6.87—13.5 

Palrokemel Oil. • 

... 13,3 

4—8 

12.2—12.8 

15.25—^6 ' 

Peanut Oil. 

.. 10.4 

S—20 < 

8.3— 9.9 

10.37—12 

Soya Bean Oil... 

.. 10.4 

2 

10.2 

12.75 


.. 10.0 

2^20 

8— 9.8 

10.0 —12.25 

Vegetkbll TaUow. 

.. 10.9 

■iJtj 

10.5—10.8 

13.12—13,5 
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USJil'aj. rNFOKMATION 

*TtUe o< Spedflc GnvitiM of Pure Ctmimerciil 
Glycerine with CorreepondiBg Percenlige of 
Water, Temperature 15 C. 


Sp. Cp. • 
1.262 

0 

Wttar 

sp. Gr. 
1.160 

88 % 

W«tw 

1.261 

1% 

" • 

1.167 

80" 

*• 

1.268 

2 » 

00 

1.166 

40" 

»♦ 

1.266 

8 ” 

•0 

1.182 

41” 

»• 

1.2S16 

4'* 

'* 

1.149 

42" 

•• 

1.260 

6 'f 


1.1464 

48" 

•• 

1.246T 



1.1487 

44" 

•• 

1.2460 

7*' 


1.141 

46" 


1.248 

8 " 

” 

1.1377 

46" 

09 

1.241 

9” 


1.1363 

47" 

91* 

1.287** 

10 *• 


1.1326 

48" 

** 

1.286 

11 " 


1.1804 

49" 


i.m 

12 


1.127 

60" 


1.229 

18” 

** 

1.126 

61" 

•• 

1.^65 

14 ” 

” 

* 1.1224 

62” 

” 

1.224^ 

. 16’’ 


1.1204 

68 ” 

•• 

1.2226 

16 ” 

»» 

1.117 

64 ” 


1.2186 

17" 

** 

1.114 

66 ” 


1.2174* 

18” 


1.112 

68 " 

0 * 

1.2142 

19 ” 

40 

1.100 

87" 

f» 

i. 2 ir 

20 " 


1.106 

68 " 


1.207 

21 ” 

’* 

1.108 

69" 


1.203 

22 ” 

*» • 

1.1006 

60" 

*' 

1.2004 

23 ” 


1.088 

66 ” 

** 

1.198 

24” 

• f 

1.676 

70" 

00 

i.m 

«S" 

M 

1.0623 

76 ” 

*• 

1.1928 

26” 


1.049 

80" 


1.189 

27” 


1.0366 



1.188 

28 ” 

*• 

1.0243 

90” 

•• 

1.1846 

29 ” 


1.0218 

91" 


1.182 

80," 


1.0192 

92” 

** 

1.179 

81" 


1.0168 

93 ” 


I.IV 

88 " 


1.0147 

94" 

00 

1.1784 

88 ” 


1.0126 

06" 

M 

•I.m 

84" 

10 

1.01 

96” 

00 

1.168 

86 " 

«• 

^ 1.0074 

87" 

00 

l.IK 

88 " 

” <1 

0068 

88 " 

00 

1.188 

«” 

7!s*ni8-Tr: 


^^1.0028 

08 " 

0 


Yss 
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*TiUe <}f Pocentigt, Specific Gnrity ind fiemw 
Degree of Pure Gtyceiine SolatioM 


FvMBt 

Wetw 

8p. Or. 
Cumptai 
udPdlit 

Dc|i« 

Baaonw 

(PcrthiM) 

Ftrtnt 

W«t» 

^Or. 

GuouisB 

ipdNtaft 

Dvw 

Bwiiiiii 

(Bwtbdot) 

0 

1.0640 

21.2 

ii.a 

1.2860 

28.6 

0.( 

1.2626 

81.0 

11.6 

1.2886 

28.4 

1.0 

1.2612 

80.0 

12.0 


28.8 

l.S 

1.2600 

80.8 

12.6 

1.2807 

28.2 

0.0 

1.2686 

80.7 

13.0 


28.0 

0.6 

1.26T6 

80.6 

18.6 

1.2280 

27.8 

S.O 

1.2660 

80.4 

14.0 

1.2270 

87.7 

t.s 

1.2646 

80.8 

14.6 

1.2266 

27.6 

4.0 

1.2632 

80.2 

16.0 

1.2242 

27.4 

4.6 

1.2620 

80.1 

16.6 

1.2280 

87.8 

6.0 

1.2606 

80.0 

16.0 

L2217 

^27.2 

6.6 

1.2490 

29.9 

16.6 

1.2202. 

27.0 

0.0 

1.2480 

29.8 

17.0 

1.2190 

26.9 

0.6 

1.2466 

29.7 

17.6 

1.2177 

26.8 

T.O 

1J466 

29.6 

18.0 

1.2166 

26.7 

T.6 

1.2440 

29.6 

18.6 

1.2160 

26.6 

6.0 

1.242T 

29.3 

19.0 

1.2187 

26.4 

0.6 

1.2412 

29.2 

1J.6 

1.2126 

26.8 

0.0 

1.2400 

29.0 

20.0 

1.2112 

26.2 

0.6 

1.2890 

28.9 

20.6 

1.2100 

26.0 

10.0 

1.2376 

28.8 

21.0 

1.2086 

26.0 

10.6 ' 

1.2162 

.JL . 

28.7 
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USEFUL INFORMATION 


*TaUe of Specific entities of Pure Glycerine Solu- 
tjjpns trith Corresponding Beaume Degree 
and Percent Water 
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Castile soap, 79, 
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C’hemist, Importance of, 127. 
Chipper, Soap, 32. 

Chip soap, 54. , 

Chip soap, Cold maile, 
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Cream, Shaving, 90. 
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Outeher, 32. 

Curd soap. 71. 

Cutting taole, 32. 
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Detennination of free fatty acid, 
128. , 

Determination of unnaponitiable 
matter, 132. 

Oistillation of fatty ac><la, 125. 

Drying: machine, 32. 
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Enxyines, 17. 

EachweRer soap, 81. 

Examination of fats and oils. 
128. 

F 

Fahrion’s method for moisture, 
138. 

Fats and oils, Examination of. 
128. 

Fats and oils used in soap manu> 
facture, 3. 

Fatty acids, 14. 

Fatty acids. Distillation of, 125. 

Ferments, Splitting fats with, 

121 . 

Fillers for laundry soaps, S3. 

Flllen for soap powders, 58. 

Finishing change, 36, 

Fish oils, 20. 

Floating soan. 62. 

Formaldehyde soap, 78. 

Frames, 31. 

Free alkali in soap, Dctermiiia* 
tion of, 139. 

Free fatty acid, Determination 
of, 128. 
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tallow, 6. 

Fi ee fatty acid, Standard method 
of dilu., 174 Note on method. 
188-189. 

Fnl^ boiled soaps, 35. 

Fullers' earth bleaching of tal¬ 
low, 4, t *» 

G 

Glycerides, 2. 

Gtycerine. 2. 

Glycerine analysis, 150. 

Glycerine change, 36. 

Glycerine, Crude, 113. 
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ery of, 106. 

dyeerine in soap, Determination 
of, 149. 

Glycerine, Sanqding crude, 162. 


Glycerine soaps, 83. 

Glycerol content. Ways of cal¬ 
culating actual, 159. 

Glycerol determination, Afetin 
process, 155. 

Glycerol determination, Bichro¬ 
mate process for, !60. 

Graining soap, 30. 

Grease, 21, 

Grease, Bleaching, 21. 

Grinding soap, 34. 

II 

Hand Paste, 93. 

Hard water, 29. 

Hardened oils in toilet soap, Use 
of, 96. 

Hydrocarbon oils, 2. 

TTydrogenatinjf oils, 19. 

HydroiyMs of fats and oils, 17. 

Hydrolytic dissociation of soap, 

Hydrometers, 25. 

I 

Indicators, Action, 13S-6. 

* Insoluble impurities in fatty oils, 
lletermination of (Standard 
nsclhod) 172. Nbtc on method 
187. 

Insoluble matter in soap, deter¬ 
mination of, 143. 

International committee on gly¬ 
cerine analysis, 150. 

Iodine manufacturing oil, 191. 

liMline ineml>er Wijs method. 
Standard, 177-181. Note on 
method, 191. 

Iodine soap, ?8. 

J 

Joslin, ref., 113. ' 

K 

'‘Killing" change, 36. 

Koettstorfer number (Standard 
method), 1BM82. 

Kontakt reagent, 117, 

Krebits Proce^ 123. 

KrutoUn, 96. 

L ' 

Leigte & Sfiepel method for 
rosin in soap, 146. 

LiebeHhann, Storeh reaction. 
144. 
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Light powders, 60. 

Laundry soap, 48. 

LeBIanc Process, 28. 
Lewk^wiMch, ref., 17, 146. , 
Lime saoonifieation, 118. 

Lime. * Use in KrebiU Process, 
123. 

IJme, Use in treatment of gly* 
,cerine water, 116. 

Liquid medicinal soaps, 79. 
Uquid soaps, 94. 

Lyes, Spent, 37. 


M 

Magnesia, Use in* autoclave 
saponification, 120. 

Manganese sulfate, Use of as 
ratalyaer in fermcniaiivt- clrav- 
age of fats, 122. 

Marine »> 08 p 8 , 39. 

Medicinal soaps, 76. 

Medicinal soaps. Less important, 
78. 

Medicinal soaiM, Therapeutic 
value of, 76. 

Melting point of fat or oil, 
Stnnuarg method, 1^3. 

Mercury aoap8,^8. * 

Metallic soo|%, i. 

Methyl orange, indicator, 1.36. 

Meyerheim, ref.. 21. 

Mill soap. 32! 

Moisture in soap, Detminnation 
of. 138, 130. 

1 Moisture and volatile matter in 

• fhts and oils. .‘standard 
notliod for detm. of I704!)lote 
on method, 184-18.3. 

Mottle in .soap. 81. 

Mug shaving soap, 90. 


N* 

Naphtha, Incorporation in soap, 
49. 

Naphthenic acids, 24. 

Nigre, 36. 

Normal acids, Kquivalent in at* 
kalis, 136. ^ 


* .9 

• • 

Oils and fats, 1, 

Oils gnd fats, Chemical con* 
staatS, 18. 

Oila and fats, Dsstisetion, 1. 
Oils and &tB. Preserring. 18. 


Oils and fat. Nature of used In 
soap manufacture, 2. 

Oils and fats, Rancidity of, 16. 
Oil hardening, 19. 

Oleic acid, 15, 19. 

Olein. 2. 19. 

Olive oil, 14. 

Olive oil foots, 14. 

Organoleptic inetbods, 127. 

P 

Palmatin, 2. 

Palm kernel oil, 8. 

Palmitic acid, 2. 

Palm oil, 8. 

Palm ojl, air bleaching, 13. 

I^a^m oil. Chrome bleaching of, 

Palm oil soap, 66. 

Pearl ash, 29. 

Perfuming and coloring toilet 
so8t>s. 73. 

Peroxide soap, 78. 

Petroff reagent; 117. 

Pfeilring reagent, 117. 

Phenol, 77. 

Phenolphthalnn, indicator, 38. 
Phenolphthalein, Using as indl* 
cator, 51. 

Phenols, Soaps containing, 77. 
Pinic acid, 22. 

Plodder^ 33. 

Potash from wood ash, 27. 
Potassium carbonate, 29. 
Powtlcrs, Light, 60. 

Powders, Scouring, 61. 

Powders, Sltaving, 90. 

Powders, Soap, 

Precipitation test for treated 
spedl lyes, 110. 

Prevention of raimidity, 18. 
Pumice or sand soaps, 93. 

Purple shade in soap, 75. 

h • 

R 

Rancidity of oils and fats, 16. 
Rancidity, Prevention, 18. 
Recovery of glycerine from spent 
lye, 106. 

Red oil. 15. 

Red oil, Saponified, 15. 

Rerin acicU, Total fatty and. 
Determination of in soap, 144 . 
Ribot, ref., 20. 

Rosin, 23. 
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Rosin, Detcriinnation of in soap, 
144. 

Rosiu sapotiification, 23. 

Run and gluud up sotips, 69. 

Run w.nps. .19, 

S 

Sal hotia, 2'>. 

Salt. 30. 

Saltiiiu out, .10. 

Salt ‘VckU-.’’ .17. 

Sampling nude glyi-rnm*, 16-'. 
^mpling for st.iiHl.nd nu-lluHl, 
166. Note oil, 184. 

Sampling oils and fat>>, 1J8. 
Sampling soap, 137. 

SapoTiification by fermrnts. 131. 
Saponification, Acid. 120. 
Saponification, Aqueoii*', 121. 
Saponification, Autoclave, 118, 
SaiKmification, Carbonate, 45^ 
Saponinc.ation denned, 10.1. 
Saponification, Lime. 118. 
Saponification numbci. 181-182. 
Saponification, Ro«iii, 2.1. 
Saponification, Various, inetbods, 
105. 

Scouring and fulling soap*> for 
wool, 98. 

Scouring powders. 61. 

Scouring soap, 61. 

Semi-boiled laundty soaiK, 49. 
Semi-boiled process. 44. 

.Shaving cream, 90. 

Shaving powder, 90. 

Sbaving soaps, 87. 

Silica and silicates. Deiermitia- 
tion of in soap, 148. 

Silk dyeing, 102. 

Silk industry, Soatps m, 

101 . 

Slabber, 32. 

Smith method for mni<rurc tn 
soap, ^138. m 
Soap analysis, 1.17. 

Soap, Automobile, 41. 

^ap. Carbolic. 77. 

Soap, Caatile, ?9. 

Soap. Chip, 54. 

Soa] 2 , Chip, cold made, 55. 

Soap, Chip, unfilled, 56. 

Soap. Cold cream, 78. 

Soap, Coloring, 75. 

Soap containing phenols, 77. 
Soap, Curd, 71. 

So^lf. Defined, 1. 


Soap. Determination insoluble 
matter, 143. 

Soap, Determining glycerine in, 
149. 

Soap, Eschweger,'81. 

Soap, Floating, 62. 

Soap, Tormaldchyde, 78. 

Soap for wool, Scouring and 
fulling, 98. 

•Soap, F'ull boi|c«I, . 15 . 

Sijap, Iodine, 78 
Soiip kettle, 31. 

Soap, Laundry. 48 

.Soap, Liquid, 94 

Soap lye cyude glycerine, 113. 

Soap, Marine, 39. 

Soap, Medicinal. /O. 

Soap, Medicinal, iiii}-r>ilaiit, 
78. 

Soap, Mercury. 78. 

Soap, Metallic, I. , 

Snap, Peroxide, 78 
Sotip pouders, 56. 

Soap, Pumice <'r vind. 93. 

Soap, Rosin •-etilfd, .SO. 

Soap, Run and glued up. 69 
Soap, SruuiiMg, 6). 

Si>np, Semitboiicd I.utiidiy. l'» 
Soap, .Shaving, 

.Si>ap, Sulphur. 77 
Soap, Tannin. 78. 

Soap, Tar, 77. • 

Soap, Test for color <»f, 1.13. 

.Soap, Textile, 98. 

Soap, Toilet, 65. * 

Soap, Toilet cheat*er, 68 
Sojp, Toilet, cold made. 72. 

Soap, Toilet |)crfuming and col 
orin^ 73. 

.Soap, Transparent, 82. 

.Sqap, Transparent, ci Id made 
84. 

Soap nse«l for tollon gond.s. U13* 
Soap used in the silk imlu'-tiy. 
101 . 

Soap, Witch harel. 78. 

Soap, Wool fliiower’s, 100. 

Soap, Worsted finisfiing, 101. 

Soria ash, 28i 

Siidium cail>«n:^(’, 28. 

Sodium peiborat'e. dJse tf in 
soap powders, 57. 

.Soft sOtip^, 40. « 

.Sithilile mineral mailer detm. of 
M in fats and oils, 17.1. Note on 
•method. 187-188. 
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Solvay prcKsess, 28. 

Soya beas oil, 14. 

.Spent lye, Recovery of glycerine 
fr^. 106. • 

Spent lyes, 37. 

Spent lye*, ^ Treatment of for 
glycerine recovery, 107. 

Splitting fats with feriueiits, 121. 

Standard methods of analysis f<>r 
fats and oils, 165’100. 

Starch and gelatine, DeteMiiina 
tion in soap. 143. 

Steatic arid, IS, 19. 

Stearin, 2. 19. 

Strengthening change. 3o. 

Strengthening i>vs, 38. 

Strunz crutcher. 63. 

Sugai in soap, iletermination of, 

1 * 0 . 

Sugar, Use m transpairnt! snap, 


8 . 1 . • 

Sulfate of ainniina, l-^e 
spent lyes, 108. 
Sulphonated oils. 104. 
Sulphur soaps, 77. 
Sweating of soap, 62. 
Sweet viaiter, 119.» 

Sylvie aci^ 4(2. 

T 


Talgol, 96. 

Tallow. 4. ' 

'I'allow, I'ullers' eaith blrailnng 

of, 4. . 

Tallow, Improving color bv ex- 
* traction of free fatty acid, 6. 
Tannin soap, 78. • « 

Tar soap, 77. 

Test for color oi soap, 133. 
Testing of alkalis used in soap 
making, t.^4« 

Textile soaps/ 98. 

Titer, 130. 

'I .ink cars. Sampling, Ibb. 
luiresi. Sampling, 168. 

Titer, Standard metlioii, 175. 
'ritiT, Note on, 18‘>. 

TinguU, Note one iodine, mnn- 
ber of. 189 • 

tffoilet soap, 61. 

Toilet soaps; Cheaper, 68. 

ToileV soap. Use of hardened oils 
iii9 96. 


Total alkali, Determination of is 
soap, 147. 

Total fatty and resin acids, De¬ 
termination of in soap, 144. 

Train oils, 20. 

Trans|»rcnl snap, 82. 

Transparent soap. Cold made, 
84. 

'I'roweling soap, 52. 

Tsujimoto, ref., 20. 

Tubes for tnnispareut soiiji, 83 

'I'urkey red oil, 104. 

'IVaddle .scale, 25. 

Twitchell method for roan, 145 

Twitchcll process, 113. 

Twitchell process, Advantages. 
113. 

U 

Unsaponifiable matter, Detcrnii 
nation of in oils and fats, 132. 

Cnsaponitiable matter, Determi' 
nation of in soap, 148. 

lJiis,ipimitial>1e matter, determ¬ 
ination of bv standard metlrnd, 
176. 


V 

Vacuum Oven, Standard. 176. 
Vegetable oils, 6. 

W 

Water, 29. 

Water. Hard. 29. 

Witch hazel .soap, 78. 

Wool thrower’s soap, 100. 
Worsted Bnisbtng soaps, 101. 

7. 

Zinc oxide. Use of in autoclave 
saponification, 120. . 

Zinc oxide, Use of to soap, 33 
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Btndybooki lor HtadlBnitti. Hasluck. Crown 8 vo. 

Motil Toraer’i Haadjtook.It M 

Wood Tomor’i Haadjrte^.It M 

Witob Xobbtr*! Htndi^ook. It Sd 

Ptttem Utkor*! Htn^book.li 6 d 

MeohtnioU Workshop Hudybook . . . It 0d 

Hodel Gnginetr^f Htodybook .... It 6 d 

Clock JTobber*! Ht&dybMk . . It 8 d 

Cabinet Worker’s Hfmdybook.It M 

Woodworker’s Handybook ........ It dd 

Heat, EtpanBion of Structures by. Keily. Crown 8 vo ... 4s 
History: MedieevtU Heresy and the Inqnisition. Ttirberville. 

K«ny 8 V 0 . • , . ..IDs 6 d 

History: The Influence ol the French ^vcdntion in Hntlish 
B^story. Brown. Demy 8 vo ....... 8 s 6 d 

Histoty : The Wan ol the Bcms, 1877-1471. Mowat. Demy 8 vo 7s 6 d 

Hoisti^ Machinery. Homer. Crown 8 vo. 8 s 8 d 

Bortkmltnral Vote-Book. Ncwsliam. Fcap. 8 vo ... . 7s 6 d 

Hot Water and Steam Heating and VentilRtioB. King. Med. 8 vo . 2Ifl 

Hoose Owner’s Estiinator. Simon. Crown 8 vo.^ 

House Fainting. Davidson. Crown 8 vo.7s 6 d 

Bouse Flanning—How to Kan a House. Samson. Crown 8 vo . 61 

Hodn Proiorf^. Tarbuck. lemo.7s 6 d 

Houses, Villas, Cottages, and Bungalows for Britisheri ud Americans 
Abroad*. Samson. Dcniy 8 vo ...... 7s $d 

Hydraolio Power Engineering. Croydon Marks. 8 vo. . 12 b 6 d 

Hydrostatics and Pneumatics, Handbook ^ Lardner. Post 8 vo . &s 
Dlpminating and PahtUng. Whithard. Crown 8 vo 61 

InuminatiOD, Art ol. Delamotle. Small 4 to 78 6 d 

Inflammable Qas and VaVtar in the Air. Clowes. Crown 8 vo . 6 s 

Interest Calculator. Campbell. Crown 8 vo. 81 

Internal Combustion Engines. Carpen^r. Medium 8 va . . 88 s 

Inwo^’s Tablel tor Pnrchasing Estates. Schooling. Demy 8 vo . 

' bcm and MeW Trades Companion. Downic . . . ^ . 9s 

bon Ukd Steel Girders (Graphic Table lor Compaction ot Weights). 

Watson Buck. On a sheet . . . . . . 2s 6 d 

Iron Ores of Great l^tain and Iroland. Kendall. Crown 8 vo . Ite 

b^Plate Wei^ Tables. Buriinson and Simpson. 4 to . . 28i 

Irtitntion (Pim^}. Mawson. Demy 8 vo.12 b 6 d 

7igf, Took ana Plitnres (Drawing and Design). Gates. Crown 8 vo. 8 s 6 d 

loTirnal^ 0 . Mackie. Crown 8 va.*^48 

Ziiboft Disputes, Conciliation and Arbitration in. Jeans. Crown 8 vo 2s 6 d 
lAnd Valimr’B Assistant Hudson. Royal samo •. 4f M 

Lathe Design, Consimetion, nnd Operation. Perrigo. Med. 8 vo . ISi 

Lathe Work. Hasiuek. Crown 8 vo.Ii 

Law : Efery Han’s Own Lawyer. Barrister. Large Crown 8 vo . 18 

Pvims are net. 
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LeiUU XeiaUiirgy oL Hissler. Crown 8 vo . . • . 16 f 

Leither Chemiitry. Harvey. Dctny 8 vo.X5g 

teatttei Mannfactiire. Watt. 8 vo.i5i 

Letter Painting. Dadenock and Prior, Cro^u 8 \-o • Si 

Levelling, Prineiplei and Practice oL Simins. 8 vo . • , . 9 a 

Lightning Condncton, Hodem. Hinigos. Medium 8 vo , . \ Sa 

Limei and Cements. Dancastcr. Large Crown 8 vo . Ts 6 s 

Lignid Faels tor Internal Combnstion Engines. Moore. Demy 8 vo ISs 
Lookwood’s BnUder's Price Book. Crown 8 vo Annually ?s 6 d 

Locomotive Engine. Weatherbum. Crown 8 vo . 8 s 6 d 

Locomotive Engine Development. Stretton. Crown 8 vo ... 8 s 
Macllflie Shop Toeds. Van Dcrv'oort. Medium 8 vo .... 88 s 
Magnetos tor Antomobilistt. Bottone. Crown 8 vo' . 8 i 8 d 

Marble and Marble Working. Renwick. Mediutn 8 v<> . 16 s 

Martde Decoration. Blagrove. Crown 8 vo.4i 

Marine Engineer’s Goide. WaTinan and lindsay. Lge. Crown 8 \*o. 

In 2 vols. 

Arithmetic. Xne lid. Preparing 

Elementarys, Verbals, and Drawings ^’cul Kd. Preparing 

Itorine Engineer’s Pocket-Book. Wannan. i 8 nio 7 s 6 d 

Marine Engines and Boilers. Bauer. Medium 8v«> • . . . 25 i 

Marine Oas Engines Clark. Crown 8 vo . , ■ * 10 s 6 d 

Marine Steam Torbines. Bauer. Medium 8 vo ISs 6 d 

Marine Works. Latham. Demy 8 vo. ... Scarly Ready 

Masonry. Purchase. Ko\-al 8 vo ........ Os 

Masonry Dams from Inception to Completion. Couitney. 8 vo lOs 6 d 

Measures (British and American). I'olcy. Polio . 8 s 6 d 

Measuring and Valuing Artificer’s Work. Dobson and 'Jain. 

Crown 8 vo .... SsIdT 

Mechanical Engineering Terms (Lockwood’b * Dictionary of). 

Homer, (‘ruwti 8 vo. 9 g 

Mechanical Engineer’s Pocket-BoQk. Clark and Powlcs. Small 8 vo 78 6 d 
Mechanical Handling and Storing of Material. Ziimuer. ( Royal 

8 vo V.A't'se l.d. Nearly Ready, abvui £3 Ss * 

Mechanics Contused. Hughes. Crown 8 vo.^ M 

Meohanics of Air Macbin»y. Wcisbach. Royal Bvo. .288 

Mechanics* Workshop Companion. Tcm])Icton & Hutton. J'c]\ 8 vu 7 s 6 d 

Mensuration and Gauging. Mant. jKmo.' 4 s 

Metainate Wwk (Mnciplesand Processes). Barrett. 6 iiwn 8 vo 
Metal-Tnming. Horner. Large Crown 8 vo . . \ ^ ISi^M 

Metrology, Modem. Jackson. Large,Crown 8 vo ^ 1 & 6 d 

Military Observation Baboons. Widmer. Crowu Bvo . % 16 s 

Milk ai^ Cream Tbiting. Thomson and Lowe . New Kd. Preparing 
Maiing WMihin— Homer. Medium 8 vo ...... ifie 

Mine Drainage. MicbelL Royal Bvo. 85 s 

Mine Beiene Work and Organintion. Bulman and Mills. DemySvo I 8 t 

I 


All Published Prices are net. 















I'lwits/ica hy LfosfA' LocKwooct and bon 

Mine Wagon and itsaLnbrication. Tamely. Medium 8vo. . 78 

Mineral Property, The Valoation oL O’Donahuc. Demy 8vo 8f 
Minerals and Mining (Earthy). Davies. Crown 8\*o . . 12i > 

Minefals and Mining (Met^liierons). Davies. Large Cronm 8vo Igs • 
Minen and Metallurgists. mket-Book lor. Tower. I'rap. 8vo . 7f i 

Mineral Bandbook Milne. I'cap. 8vo. 7 s < 

Mining, Briti^. limit. Super Royal 8vu.4 

Mining Calculations. O’Donaluie. Ciwn 8vo 4s i 

Mining Examination Questions (1,200), Km*. Demy 8vo 8s I 
Mining, Physics and Chemistry ol. Byrom. Crown 8vo . 

Mining : Machinery lor Metalliferous Mines. Davies. Medium 8vo 8 

Motor Car Catechism. Knight. Crown Kvn.Ss I 

Motor Car Construction. Brewer. Demy 8vo.! 

Motor Cycle Orerhauling. Shepherd. Crown 8 n’o . 2s 1 

Motor Lmry Design Construction. Schaefer. Mcdiiiin 8vo . li 
Motor VehiideB. Traser and Jones. Medium 8vo .11 

Museum of Science and Art l.ardncr.8; 

Hanl ArchitecTs and Shipbuilder's Pocket>Book. Mackrow and 

Woollard. heap. 8vo ..M 

Oils and Allied Substances. Wright. Demy 8vo SavEd. Prtparit. 
Oil-Field Development and ^troieum Mining. Thompson do. 

Oil Adna Cnltiratlpn. Milligan. Small Crown 8vu . . . . ( 

Ore Deposits %f South Africa. Johnson. 

Part n.—The Witwatersrand and Pilgrimsrest GoldSelds and 

Similv Occurrences. Domy 8vo.{ 

P4u;king-Case Tables. Kichardson Ohiong ^to.{ 

Paints : Their Chemistry and Technology. 'J'oeh. 8vo . . 8( 

Paper and its Uses. Dawe. Ciown 8vo . . ■ Ss 6 

'Aper-Making. Clapperton. Crown 8\o.78 fl 

Paper-MiAing. Wait, tajwii 8vo.8s 6 

Paper-Makiz^, Chapters on. B<‘adJ<-. i voK. Croun 8\u. IVr voL i 
Pastrycook and Confectioner's Guide. Wells, (’mun <\o. . . $ 
Patent-Rights. I iiurilingliafti. Doniy Rvo ^xM luLPreparin 

Pattern Making. Barrows. Crown 8vo.• .14 

Pattern Making. llormT. Large (Vown fi\o ..{ 

Petrol Air Gas. CVConnor. Ciov\ n 8\ o . . 2s 8 

Petroleum and its Substitutes, Chemistry of. 'iuikic-r and ('liaL 

huigcr. Medium 8vo.IS 

P^fUeum, Oilfields of Russia and the Russian Petroleum 

, Industry. * Becby Thompson. Kuyal 8vo.21 

PigmentiL An Artists’ MannaL Standage. Crown Svo . . 8 

PortUnTement Industry. Brown. Medium Svo JSt'U' Ed. Preparin 
Portland Cement, The Modem Manufacture ot West.* Royal Svo. 

In 2 volumes.-Vm» Ed. Preparin 

Pot Plant Culture. l)a\idson. Crown Svo. Nearly Read 

Poultry Farming : Commereial. Toovey. Crown 8\-o . . . . f 

All Puhlhhed Prices an net. 
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Prodoeer Oti PncUoe (Amerioan) and Indnitrla! Oki Engineering. 

Latta. Demy 4 to.. SOe 

Propagation and Pnming. Newslmm. Demy 8 vo . 7a 6 d 

ProiQieeting. Merritt. Fcap. 8 vo . . ^ . . . • ^ 6 a 

Prospecting for Gold. Rankin. Fcap. 8 vo . . . ■ ,7a 6 d 

Prospector’a Handbook. Anderson. Small Crown 8 vo .. . 6 s 

Pnmpa and Pamping. Bale. Crown 8 vo ... . . 5i 

Ptmohei, Dies, and Tools. Woodworth. MrdiuiTi 8 vo • 28s 

Radic^ynamics. Miessner. Crown Svo. . ISs 

Badiotelegraphy, Elements ol, Slone. Crown 8 \o . 16a 6 d 

Rating and Assessment. Webb. Demv Svo.Ss 6 d 

Receipts. Formulas, and Processes, Medium Svo . 218 

Recoil of Gnns. R.in^.rnborgtT, Trauslalod by SJatei*. Demy Svo 6 d 
Refrigerating and Ice-Making Pocket-Book. W.illiS'Tayler. Cr. Svo ds 
Refrigeration, Cold Storage, and Ice-Making. Wallis-Taylt r. Med. 8 vo 16i 
Reinforced Concrete Design Simplified. (r<uumon & JM’son. Crown .(to 16i 
Road Construction and Maintenance. GokUiuith. Medium Svo . 21s 
Roads : The Making of Highroads. Carey. Crown Svo . 3i 6 d 

Roof Carpentry. Colling*. Crown Svo.2s 6 d 

Rothamsted Experiments. Tipsier. Liown S\u.4l 

Rubber : its Cultivation and Preparation. Johnson. .\i<( IJ. Ptepanng 

Rubber Hand Stamps. Sloune. Square Svo « • 7s 6 d 

Rubber banter’s Rote-Book. BiMii-nn. l eap. Svo . .*• 58 

Safe Railway Working. Suction. Cioun 8 v<i . . 4s 6 d 

Safe Use of Steam. Ky an Fnginei'r. . 6 d 

Sailmaking. Sacllur. 410 . .12s 6 d 

Sanitation, Water Supply, and Sewage Disposal 0 ! Country Houses. 

Gerhard. Crowu 8 vo.. Ids 

Savouries and Sweets. Mis-. Allen. Ira}). . Is od* 

Saw Mills , Bale. Crown bvo lOi 6 d 

Screw Cutting for Engineers. I’nll. Crown Svr> . . 2s 6 d 

Screw Threads. Ilasluck. WaisWont-pocket m/.o . 2s 

Sea Terms, Phrases, and Words. Firrio. I c-.i]). Svo f , 78 fid 

SewHa, Arifioation oL Barwi'^e. Demy 8 s'o .... 12s fid 
Sewerage of 8 ea,Coast T<^ns. .Adams. Demy 8 vo . . fis 

Sewerage Systems. Watson and Herbert. Koval 8 \'o 12f fid 

Sheet Metal Worker’s instmetor. Warn and Homer. Crown 8 vo 8 s 6 d 
Shipbuilding Industry of Germany. l‘>lskr:nvbki. Su})er Koval .(to lOi 8 d 
Silver. The Metallurgy oL Eissler. Crown 8 vo . • ^ 

Slide Jtule. Hoare. Sm. Crown Svo.■ « • *48 

Bmol^’i Tables-1. Logarithms and Squares. . ^ . 27i 

2. Slopes and Rises.% 248 

S.' Logarithmic-Trigonometric Tables ... fis 

Soap : The Modem Soap Industry. Martin ... In PrepanUtftn 

Soap-Making. Watt. Crown 8 vo.9s 

Soaps, Candles, and Glycerine. Lainl>oni. Medium 8 vo . .54s 

All Publiskei Prices are net. 
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BohiUlitiei of Isorgulo ud Orguio Sabitaiieei. SeldelL Med. 8vo 
Sponiifa Ofimmar asd Header. Korth. Fcap. 8vo . . . E 

SpeeMloatfon in Detail. Macey and Allen. Royal 8vo 
Bpeottoaiiont A Short Ciafiitt Oblong Demy 4 to . . . . 

Speoiioations lor Praotioal Arohitectnre. Bartholomew. Revised 

by Rogers. 8vo .. 

Stanley, William Ford : Hli Llle and Work. Inwards. Demy 8vo 2i 

StatiODUT Engines. Hurst. Crown 8vo. 

Steam: The Application of Highly Superheated Steam to Loco¬ 


motives. (.inrbc. Edited by Robertson. .M<‘<]jum 8vo 
Steam Engine. Ilacdcr and Powles. Crown 8vo . . . lOa 

Steam Engine. Goodevc. Crown 8vo. 6a 

Steam Engine (PorfiiWel. Wansbrongli. Derny 8vo .... 
Steam Engineering in Theory and Practice. Ilisrox .ind llairibon. 

Medium 8vo .. 

Steel Research Committee’s Report Fcap. I'olio .Sis 

Steel Tfaermitl Treatment IJrqiilmrt. Mnliuin .Svu. . . .Wunly AV 

Steel: EUiott’i Weights of Sted. Modinin 8vc> .... £5 

Stockowner’s Veterinary Aid. Archer. Crown 8vo . . . 7i 

Stone Qoarrying—Practical GreenwcU and Elsden. Med. 8vo 
Stone Working Kacbinery. Bale. Crown 8vo . . .10s 

Strains, Sandy BOik lor Ue Calculation oL Humber. Crown 8vo Is 
BtrSns OD^tractnres of Ironwork. Shields. 8vo .... 
Streamline Kite Balloons. Sumner. Medium 8\'o 10s 

Stmcinral Engineer’s Pocket Book. Andrews. Cr'Pwn.Mo.. 

Submarine Telegraphs. Bright. Super Royal 8vo ... £8 

Bnbmarine Torpedo Boat iIo.ir. Crown 8vo. 

^Saperlicia!Measurement Hawkings. Cmwh . 

Snrvey Practice. Jacks<m. 8vo.12i 

Snrveying. Whitelaw. ijluiy 8vo.12 b 

Surveying for Settlers. Croslcy. Small Ciown 8\>i . . 7s 

Sorveyisg Sheets for Professional and Educational Use. Oblong 

Royal Svj. Is 

* Surveying, Land and Marine. HaskolL large Crown 8vo *. 
Snnwying* Land (uad Mining. Lx'SUm. Lurgj^ Crown 
Surveying, Practical. Usill and Leston. Large Crown 8vo . Ss 
Surveying with the Taoheometer. Kcnnc^ly. Demy 8vo . 12s 

Bnrwor’s Fi^ Book lor Engineers and Mining Surveyors. 

^Haskoll. Jerown 8vo. .128 


Taasing Materials ft Extract Mannhmtnra. Hanley. Demy 8vo ^ 
Tanni^tfractioal). Rogers and Flemming. Medium 8^‘o £2 lEl 

Tan^mliynthetio}. Grosser and £nna. Demy 8vo 
Tea Machinery ftwd Tea Factories. WalUs-Tayler. Medium 8vo . • 
Tbohnioal Onide, Mearam, and Estimator. Beaton. Waistcoat* 

pocket size . . *.. 

Teohfiioal Tbmu: English-French, French-EngUsh* IdeUher. 
Waistcoat-pocket size 

. Jin 
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Technical Terms: English-German, German-L'ngUsb. Horner 
and llolt 7 .iuaui). Waibtcoat-pocket size . . , . 8 i 6 d 

Tecbnhsal Terms : EngUsh-Spanish, Spanisb-English. Montevrrdc. 

WaisU'oat'pocket size ^ ^ 8 s 

Telephones: their Constmctioiu Installation, Wiring, Operatios, 
and MaintenaoM. Kadcliite and Cushing, heap. 8 vo. . . 

Telephones: Field Telephones and Telegraphs for Army Use. 

Slovens. Crown 8 vo. 8 s 

Timber Merchant Richardson. Fcap. Kvo.4s 

Timber Merchant’s Companion. Dowsing. Crown 8 \-u 8 s 6 d 

Tools tor Engineers and Woodworkers. Homer. Demy Bvo . lOs 6 d 
Toothed Gearing. Homer. Crown 8 vo . . . Netv Kd, Preparing 

Traverse Tables. Untem. SinuU Crown 8 vo . *. 3s 6 tf 

Tropical Agricnltnre. Joimson. Derny Kvo.58 

Tnnnelling. Prelini and Hill. Royal Kvo.Ite 

Tnnneiling, Practical Simtns and Clark. Imp. 8 \o . . Sis 

Tunnel Shafts. Ruck. Kvo.^ . 12s 6 d 

Upholstering. Bitinoad. Crown 8 vo .... . 2s 6 d 

Urban Traffic, Principles oL Stone. Crown Kvo. . 8 s 6 d 

Talnation ol Beal Property. Webb and Hunnings. Dcjiiy 8 \o Ss 6 d 

Valnation of Real Property. Lamputt. Crown 8 vo . . 28 6 d 

Valnation, Tabular Ai^ to. M’Caw and Lyons, ('roe ri 8 vo » 58 

Vegetable Cnltnro. Davidsfiu. Ciown Kvo . . V\b.'(r/v A'fih/iy 

Wai^ Tables. Garbntt. Square Crown Kvo . . 6 s 

Watchmaker’s Handbook. Saimier. ('^nvn 8 ^o. , . 12s 6 d 

Watch Repairing. Garrard. Crown 8 \'o. 6 s 

Water Engmeering. Slagg. Crown Kvo.7s 6 d 

Water, Plow oL Srhineer. Medium Kno ...... ij., 

Water Supplies. Rideal Demy Svo . ^ 6 d 

Water Supply ot Cities and Towns. Hmnber.f Imp. 4 I 0 . £6 68 

Water Supply (Rural). Grcenwell and Curry. Crown K\ci . 6 s 

Water Supply of Towns and the Construction of Waterworks, 
Burton. Super Roval Kvo . f., . . 288 

Weight escalator. Harbeii. Royal Svo.35s * 

Wire Ropes for poistiag. .^Crowii .ttu..'20s 

Wireless Telegraphy. Liskme-Mun’.iy. Demy Kvo Ncuflid. Preparing 
Wireless Telegraphy (Framework of). Cadillac. Demy Svo. . Ss Sd 
Wireless Telephones. Erskine-Murray. Crown Svo Scic l.d. PrepArmg 
Wireless Telephony. Ruhmer. Demy Svo . • 

Wood^ The Seasoning ot Wagner. Royal Kvo . • . pis 

Wood-Carving for Amateurs. By a Lady. Croum Svo 2s 6 d 

Woodworking Machinery. Bale. Large Crown Svo . . As 6 d 

Workshop Fraotioer-'Moden. I^U. Large Crown Svo .168 

Worla’ Manager’s Audbook. Hutton. Medium Svo . 18» 

All Published Prices are net. 
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ncU 


and 


Turnbull 


OtioUne AntomoMle. Ixmghced . 

GfaMline Tractors. Hayward .... 

Getting a Good Job. Barrett 
Heating and Ventilation. Hubbard 
Hydranlio Engineering. Tumeauie and Blat^c 
Interior Electric Wiring. Nelson . 

Locomotive Boilers and Engines. Ludv 
Machine Design. Wallace 
Machine Drawing. Griffin and Adams 
Machine-Shop Work. Turner and Perrigo . 

Mechanical Drawing. Keiiison 
Meter Testing and Electrical Measurements. Buslu 
Modem American Homes. V'on Holst. 

Modern Land and Submarine Telegraphy. Macombet 
Modem Road Construction. Byrne 
Orders of Architecture. Bourne, Brown and Holst 
Oxy-Aoetylene Welding Practice. Kell. 

Pattern Makix^. Ritchey and Monroe 
Plumbing. Gray and Bdll 

Portfolio o! the Orders. Bourne, Brown, and Holst 
Power Stations and Transmissions. Sbaad . 

Practical Aviation. Ch.'is. B. Hayward. 

Practical Bookkeeping. Griffith 
Practical Mathematics. Nobh.s and Waite . 

Railroad Engineering. Wi'hh .... 

Real Property Law. Kales. 

Refrigeration. Axruwourl. 

Reinforced (k»ncrete. Webb and Gibson 
Sewers and Drains. Marston and Fleming . 

Sheet Metal Work. Neubccker 
Small Motors, Transformers and Electromagnets 
Stair Building and Steel Square. Hodgson . 

Standard Legal Forms. Lee .... 

Steam Boilers, Care and Operation. Kuss . i < 

Steam Boilers, Construction and Design. Kuss 

Steam Engines. Ludy. 

Steam Engine Indicators and ValVe Gears. Ludy 
Steam Turbines. Ldand ..... 

Steel Conllrnotion. Burt .... 

Storage Batteriep. Crocks and Arendt 
Strength of Materials. Maurer 
Stmctnral Drafting, Dufour . 

Surveying. Finch. 

Switchboards. Adams .... 

Telephony. Miller and M'Mecn 
Ivalvmd Die Design for Beginners. Shailo 
Tool Making. Markham ..... 

Trivnunnatry, Plane. McCarty 
Underwiiten’ Beatinmeiiti or Sale Eleotrloal IniielltUoiu. Pierce 
Witelesf; Bow to Become a Wiieleu Oi^tor. Hayward 
Woollen and Wonted PtnieldiK. Timmerman. . 

Woollen and Wanted Spinning. Collins .... 


Ne^Ed. 
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A SELECTED LIST OF 

WEAEE’S SafiNTffIC AND TECHNICAL SERIES. 


. Arraoi 


tfed Mcdrdlag U Subjects, All these Prices mre met. 

% # ■ 


SirrM (il 6 ) 
fA^ultural Sucveying, SaAl ( 245 ) 
Animal I^ysks, LariUur-^ 

Part 1 ( 183 ) .... 

Part II ( 184 ) .... 
Arches, Pier;, &c.. Bletul (111 <. 
Architecture, Ancient { 128 , 130 ) 
E>eBi^, Garbeti ( 18 ) 

CrcaHii, Aberdtvs ( 130 ) . 
of Vitruvius, GiriU ( 128 } 

Orders, I^ed$ (i&) . % . 

Oitiets arid Styles (i(j, 1 ;. 

Styles, Bury ( 17 ) . _ 

Architectural .\(cxlcUitiv, K%chitriliim 

( 127 ). 

Arithmetic, VeuM/r (K.t) 

Do. t><i Key ( 84 *) 
Egitalional. {IiPsley'{ 5 ii) 

Blastioe .' 111(1 Qiurryiug, Buigoi 

(J5). 

Boil*!nii.ikois* Assistant, (Mtriney 

(.in). 

R(M(ly ( 254 ) 

fojTHniief?, WooJmen { 260 ^ 

Boot and Shoe Leno ^ 262 ) 

Brass Fotindmir, Grakatn (lAe) . 
BdiArrutting « Setting, Ilanimond 

^265). 

BrickJayin^f^/AOMMorW (iSo) 
Brickwork, tPuIArr ( 2 ‘ 53 ) . 

rlinriges (Iron), Vendted laGo) . 

(I'libuLiraiul Girucr), hemp^yu 3 ; 
Duilditut, Baked ( 2 or>) % 

Maitland { 247 ) . 

Sdence of. Tarn ( 207 ) . 

Cilcnlus, Diiietuilial, IVoolhpuse 

Urn) . .9 . . . . 

CaiTentry and .loincry, Tredf^, 
PJalc-s, 4 to ( 182 *). 

Cattle, Sheep, & Iloises, Bum ( 142 ) 
Cements, i’astes, Oiues, ^Aw<Art,Y ( 27 .. 
Circular‘WoQjaiaflpanrentry, CMings 
( 418 ) 7 . . . . 

Cojjiipiiiihlinft, Btmess ( 224 ) . 
CimWiiini;, Se^^tSo) . 

CojpuruK^, ynuiininr of. Field (tSd) . 
Compound fulercst and Annuities, 

CottafcBuildin?. Allen ( 42 ) 
Garicain(t. Hobday ( 232 ) 

Dairy, 1^ and Poultry, Bum ( 145 ) 
Decoration. Elanentary House, 
Fecty ( 229 ) 
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Dcconttion, Practical Ilmise, 

Faeey (257) ..... 
Draining & Ettbaniung, 5eoU (239) 
Drawing and Measurixig Instru¬ 
ments, (166} . 

Dwelling Houses, Brookt (132}. 
Electric Ughting, SwinUm ^82) 
harm Koads and Fences, Scott 
„ (24 0 .. 

Farming Economy, (141) 
Foundations, &c., h^>son (44} . 

I'rench Polishing, Biimead (281} . ' 

Fruit Trees,(177) . . . 
Garden Receipts, Quin (333) . 

Gas Works, Hughes & Q'Ctmnor (212) 1 
Geolc^, Ilislorical, Ta/e (173). 

I»hysical, role (T74>. . . . 

Geomcti V, Aniilytkal, Henn (^) . 
l^escnplivc. Heather (76) . . ; 

Pl.ine, Heatkef (778) 

Gnifting.'uxl Budding, Bo/ffl (331) . 
Hall.Maiking of Jewellery, (iu (249) ’ 
Handidiling anil Staircasing, Ctd- 

/mgs (230).■ 

lic.dth, M.iimgrincnt of, Bated (ii2*) . 
Hou;^e Ihiok (112, 112*, 194) . , 

Decoi.'ilion, Far/y (229, 237) 

Manager (794).1 

Human Uiiderstandips, Locke (1.43). 
Inig.ilioii and Water Supply, ScM 
(240).. 

Joints list'd by Builders, Christy 

(zafi). i 

Kitchen Gardening, Olenny (aot) . *■ 
I.au((,KradvKirkoner,/If»]a>i(6i) . 
Laiidul Estates Management, Dnm 
• (3n8) . . r . . .1 

I.i^lit, Vain (2f»fi).i 

].ocoiMotive En/puc Driving, Rey¬ 
nolds (2.*i.S). > 

Engine. Model, Ravnolds (278) . ] 
I.ogarnhnB. (204*) , . . ] 

Logic, FMmr»« (150) .... 1 

Marhincrv, DetallK of, Campin (336) 3 
Marine Enginoertug Kleimmlary, 

Bretoer (sjn) .• 

M.isonry and Stonc.Cutting (25) . J 

Masting and Rigging, Kipping (54^.'•( 
Materials & Coiislmction, Campiu f. 

MatLematkal Ii^ruments, Heail^ ^ 

(168-9-70).7 

Mathematical Tables, Lew and 
Young (204) 


All Published Prices are net. 













i6 List of Books published by Crosby Lockwood and Sott, 

Quantittfs & Veasumaeats, ff’ ivi 


Matbeoiatics. Campm (J37} . • 3 ^ 

Measures, W«ight.s aad Monry^, 
Woolkausf {iii) . ... sl’ 

Msat Pi-otluctjoii, A,Mrt (350) . . ih . 

Mechaoirai Engiiit^ring, Campin 

U 53 ).3/ft 

Mftlicint, iXtnuslu., Gooding (112) . 
kleosiuatiuo auci Mcasunug, Baker 

(^)3).a/ft 

MiiKTril Survrvoio' Guido, Lintern 

(rOS). Ah 

Mtmnu TodU,-'/ u'guas {« 7 a) .l/* 

.l/orjeoMS, Plito's, 410 (172*) . . 5‘- 

Mtisir, S/vmvf (69J .... j/f) 

N.tLiii.il i’l)il<vi>|)|iv, Tomlinson ( 4 ) . 2/* 

N.ivi|!aUoii \ Naulical ^V.>>lronoiuy 

Young (<}<)) . 3 '- 

Greenwood and Rosu’f . 3 '- 

Opticj] liitiTumeiits//(W/zor (if>>)) . 3/- 
O^uu Butldiiif;, ZJtrArsim (231) . . 3/0 

t^auitmc, l''mu Art, Guflick 
Ttmbs (181) .... 

IVrvpPCtivp, Pyne (20) 

I’wuofmlo, (71} . 

I^zmcor Kngmc<'niig, Dobson (213; 

Kemp (273} 

J^liitnbing, iiuclun (i <)0 
l'iioiim.ttu's Tomlinsim fT2) 

I’tTlIand Cojiiout, l\ii)u (218} . 


and 


Koatis and Slrools, taw, Clark, and 
Tayler ( 107 ) . 

Srdlmakiiig, Kipping (i(^ 
S.uiitary*Voik, Slagg {zbi) 

Suwago, Irrigatjnn, &c.. Burn {i 4 *w 
.SIioct*M«‘tal Workers’ Guide, Crane 

( 238 ) . 

Slioinig,/Jkierntv ( 261 ) 

Silvi'rsmitlis’ tl.imtbo«ik, Oee ( 225 ) 
!»laU' and Sl.ite Qii.ur>uig, Davies 


(3M) 

.Smithy and I'orvc, C><i»w ( 237 ). 

Sods, M.'inuros, and Cro(zs, Bumiteo) 
St.iliondiy Jiiigiiiu Driving. Keynolds 
( 25 ft) . ( . . . 

Strain Etigirio, / ordner ( 34 ) 
Siji’Vf'jing, Baker ami Dieon /(>o) 
flealber ( 170 ) . 
Siibtrir.nicoii*, Fenwick ( 117 ) 

Tiro i’l.inlci Piopagiitor, Wood 
( 209 ) 

Piuii'T, Wood [.:ioi 
\cii(i{.itic>ii i.if JluildinK^, Buchan 
(27T) .... 

Water, I'-nvorof, (ih,iiit iAz) 

3\Vi( Siiilving, Su'indiil & Burnell 

(3») . . 


2 /‘ 

6'6 
3'0 
3 ft 

. 3'* 


3'6 
3;a z 
3/- 


V 
^ ■ 

3- 


WEALE’S EDUCATIONAL SERIES. 


English ttrammar/r/iifA^ ( 11 ) . . 'J- 

Greek GramiAar, HamtUon ( 14 ). if- 

Lexicon, Hamilton^ 

(mx'k and English ( 15 ) . 

English and Gieek ([ 7 ; . . 

Oniiplete in i vol. .... <</- 

Grammar, tfoodtf in ( 19 ) . 2 /« 

Dictionary, OoodioM — 

Latin and English ( 20 ) . . 2 '6 

English and Latin ( 22 ; . . 2 'v 

Complete in i vol.S,'* 

lUlian Gmmnar, hlavs ( 27 ) . . i/- 

Tnglot I>ictK)n.iry, Flwes, liiiglish* 
Vrcnch-Italian (.v>) . . 3.'' 

Freocb-Itallan-En^lwb 132 ) . 3 /- 

Spanish Gramtiiar, E 7 i 0 <» ( 34 ) . . z/ft 

Dictionarj’, ( 35 ) • • . 8,0 


En-mh Gramin.ir, Strauss /j 11 . 
{tcriiiau Ki*.i<ifr, Slratiss (40) 

Uebn*w Dirtmii.in'. Bresslau- 
Uibrew and l'iigli>.|i itjj 
English and Ilobiew ip>} 

H(bit!W (ir-i/iiii.ii. Bresdau (fn*) . 

Eiomh a^d l-ngiuh I'hr.ise T-ook 



Mff» ( 48 ) . . . . . 2 /- 

Dcriv.il'vo I'.nglisli Sp.lling, Rrn. 

( 49 } . . . . th 

F.xtcinixire Si»e.il«nji^/^rtM/ani fst) . a;* 
Portuguese Gr.iinm.ii,/'/uvs { 55 ) . a/ft 

Dif’tioii.iry, Ek'i'x (510 . . . 8/d 

C«ei.ir’s (.\imrnoriiar»i> <' t|je Grllic 

\V,u-, yoMHg." . ^ a/6 



PuUi&hed Prices arc nst. 
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PrinM in Grtti ^BriUin ky vnwin bkotxIss, limitso, lomook Air» VuKura 


















